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I. Real Party in Interest 

The real party in interest in this matter is The Ford Global Technologies, 
Inc. in Dearborn, Michigan (hereinafter "Ford") is the assignee of the present invention 
and application. 

IL Related Appeals and Interferences 

There are no other known appeals or interferences, which will directly 
affect or be directly affected by or have a bearing on the Board's decision in the pending 
appeal. 

III. Status Of The Claims 

Claims 1-17 are currently pending and stand under final rejection, from 
which this appeal is taken. A copy of the claims on appeal is attached as an Appendix. 

IV. Status Of Amendments 

On May 23, 2003, a Request for Reconsideration was filed, prior to the 
Final Office Action, which provided remarks for the allowance of claims 1-17. There 
have been no amendments filed. 

V. Summary Of The Invention 

By way of summary, the present invention is directed to systems and 
methods of operating a pre-crash sensing system for an automotive vehicle. Claims 1 
and 7 encompass several points of novelty, and since claims 2-6 and 8-17 depend from 
claims 1 and 7, respectively, they also contain at least the same points of novelty. 

Claim 1 recites a pre-crash sensing system 10 coupled to a countermeasure 
system 40 having at least a first countermeasure and a second countermeasure. The 
pre-crash sensing system 10 includes a vision system 26 that generates an object size 
signal and an object distance signal. A controller 12 is coupled to the vision system 26 
and deploys either the first countermeasure or the first and the second countermeasure 
in response to the object distance signal and the object size signal. 
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Claim 7 has similar limitations to that of claim 1. Claim 7 recites a method 
of operating a pre-crash sensing system, such as the sensing system 10, for an 
automotive vehicle having a countermeasure system, such as the countermeasure 
system 40. A decision zone relative to the vehicle is established. An object within the 
decision zone is detected using a vision system, such as the vision system 26. An object 
distance and relative velocity is determined using the vision system. Object size is also 
determined. The countermeasure system is activated in response to the object size and 
the relative velocity. 

A vision system, as stated in paragraph [0025] of the present application, 
may include one or more cameras, CCD devices, or CMOS type devices. The vision 
system may be used to determine object parameters, such as object distance, velocity, 
size, and cross-sectional area. A vision system is not the same as a radar-based system. 
A radar system typically consists of generating and transmitting a radar beam and 
detecting reflection of that beam on obstacles within a detection zone. However, a 
vision system, in general, receives light from within and emitted or reflected from 
objects in a detection zone. A radar system is more of an active system, whereas a 
vision system is more of a passive system. Also, a vision system, in general, provides 
increased amount of and more accurate object information over that of a radar system. 
Thus, a vision system better aids a pre-crash sensing system in the proper and accurate 
activation of countermeasures over that of a radar system. 

Both the pre-crash sensing system 10 and the method of operating a pre- 
crash sensing system, as recited in claims 1 and 7, determine object size using a vision 
system and in response thereto perform countermeasures. In using a vision system 
object size can be accurately detected. Also, by knowing the size of a detected object, 
different countermeasures and different counter measure activation modes may be 
chosen. Performing a countermeasure in response to the size of an object also 
minimizes unintentional and inadvertent activation of countermeasure devices. 

Applicants admit that the prior art within the field of pre-crash sensing 
systems has included the use of radar to determine speed, direction, height, width, and 
distance data of an obstacle. What is not known or suggested is the several novel 
aspects of the present invention, which are utilized in combination. All of the novel 
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aspects of the present invention are not taught or suggested by the prior art separately 
or in combination. The novel aspects are described in detail below. 

What is not known or suggested is the use of a vision system to determine 
object size, distance, and velocity. What is also not known or suggested is the 
deployment of countermeasures in response to the vision system 26 determined object 
size, distance, and velocity parameters 28 and 30. 

Claim 2 recites the system of claim 1 wherein the vision system includes a 
stereo pair of cameras. 

Claim 3 recites the system of claim 1 wherein the object size includes 

height. 

Claim 4 recites the system of claim 1 wherein the object size includes 
object area and object height. 

Claim 5 recites the system of claim 1 further including a vehicle speed 
sensor 32 that generates a speed signal that corresponds to the longitudinal speed of the 
vehicle. The controller 12 activates the countermeasure system 40 in response to the 
longitudinal speed signal. 

Claim 6 recites the system of claim 1 further including a decision zone. 
The vision system 26 detects an object and generates an object distance signal from an 
object within the decision zone. 

Claim 8 recites the method of claim 7 wherein determining object size 
includes determining an object height. Also, when activating the countermeasure 
system in response to the object size, the countermeasure system 40 is activated in 
response to object height. 

Claim 9 recites the method of claim 7 wherein determining object size 
includes determining an object cross-sectional area. Also, when activating the 
countermeasure system 40 in response to the object size, the countermeasure system 40 
is activated in response to the object cross-sectional area. 

Claim 10 recites the method of claim 7 wherein determining object size 
includes determining an object cross-sectional area and an object height. Also, when 
activating the countermeasure system 40 in response to the object size, the 
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countermeasure system 40 is activated in response to the object cross-sectional area and 
an object height. 

Claim 11 recites the method of claim 10 wherein determining object size 
includes determining an object cross-sectional area with a vision system 26. 

Claim 12 recites the method of claim 7 wherein detecting an object within 
the decision zone includes detecting the object within the decision zone with a stereo 
pair of cameras 28 and 30. 

Claim 13 recites the method of claim 7 wherein prior to the step of 
activating the countermeasure system 40 either the first countermeasure or the first 
countermeasure and the second countermeasure are selected in response to the object 
size. 

Claim 14 recites the method of claim 7 wherein determining object size 
includes determining the vehicle orientation. Also, when activating the 
countermeasure system 40 in response to the object size, the countermeasure system 40 
is activated in response to the object size and the vehicle orientation. 

Claim 15 recites the method of claim 7 further including establishing a 
decision zone in front of the vehicle. 

Claim 16 recites the method of claim 15 further including detecting an 
object within the decision zone and activating the countermeasure in response to 
detecting an object within the decision zone. 

Claim 17 recites the method of claim 7 wherein activating the 
countermeasure system 40 includes activating a first countermeasure, which includes 
pre-arming airbags and pretensioning motorized belt pretensioners, or activating the 
first countermeasure and a second countermeasure. The second countermeasure 
includes adjusting the host vehicle suspension height in response to the object size and 
orientation. 

VI. Issues 

The following issues are presented in this appeal, which correspond 
directly to the Examiner's final grounds for rejection in the Final Office Action dated 
August 12, 2003: 
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(1) whether claim 1 is patentable under 35 U.S.C. 102(b) as being 
anticipated by Cho (USPN 5,959,552), 

(2) whether claim 1 is patentable under 35 U.S.C. 103(a) over Shirai 
(USPN 6,018,308) in view of Miller et al. (USPN 6,442,484), 

(3) whether claims 2-6 are patentable under 35 U.S.C. 103(a) over Shirai in 
view of Miller and further in view of Kinoshita et al. (USPN 6,114,951), 

(4) whether claims 7-11 are patentable under 35 U.S.C. 103(a) over Shirai 
in view of Miller, and 

(5) whether claims 12-17 are patentable under 35 U.S.C. 103(a) over Shirai 
in view of Miller and further in view of Kinoshita. 



VII. Grouping of Claims 

The rejected claims have been grouped together by the Patent Office 
Examiner in the rejection. The Appellants state, however, that each of the rejected 
claims stand on their own recitation and are separately patentable for the reasons set 
forth in more detail below. 



VIII. Argument 

A. THE REJECTION OF CLAIM 1 UNDER 35 U.S.C. § 102(b) 

Claim 1 stand fully rejected under 35 U.S.C. § 102(b) as being anticipated 

by Cho. 

Cho discloses a system for minimizing automobile collision damage and 
personal injury. Cho discloses a radar detection sensor unit 60 that is used to determine 
speed, direction, and distance data of an obstacle. Cho alters speed of a host vehicle 
and actuates air bags in response to the speed of the obstacle. 

Cho does not teach or suggest use of a vision system nor does Cho teach 
or suggest use of a vision system to detect object size. Cho uses radar, which is not the 
same as a vision system, as defined by the present application. Also, Cho uses radar to 
determine direction and distance information, but does not use radar to detect object 
size. 
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The First Office Action and the Final Office Action refer to col. 11, lines 44- 
47, of Cho for the teaching of generating an object size signal. This section of Cho 
simply states that the radar of Cho is capable of detecting a small object, not the size of 
the object. Applicants submit that the ability to detect small objects is not the same as 
the ability to determine size of objects and is also not the same as the ability to 
distinguish between sizes of objects. Applicants also submit that although a system is 
capable of detecting a small object, the system is not inherently capable of determining 
size of an object. Additionally, the detection of an object does not suggest the 
subsequent step of determining size of an object. 

For example, a radar-based object detection system may have precision 
necessary to detect small objects, may be able to determine relative distance and 
velocity of the objects, and may in response to the distance and velocity estimate the 
threat of the objects. The threat determination may be performed without use of object 
size. Also, several less complex and costly radar-based systems are incapable of 
determining size of an object. Thus, a system that is capable of detecting objects is not 
inherently capable of determining size of the objects and the detection of an object does 
not suggest the subsequent step of determining size of an object. 

Furthermore, Cho does not teach or suggest the determining of object size 
and the use of the object size to perform a countermeasure. Cho discloses the alteration 
of host vehicle speed and the actuation of air bags in response to the speed of a detected 
obstacle. Speed of an obstacle is clearly not the same as the size of the object. Also, 
unintentional and inadvertent alteration or activation of a countermeasure can occur 
when performing such alteration and actuation in response to speed of an obstacle 
alone. In addition, since Cho does not determine object size, Cho is unable to determine 
threat of objects and perform threat level comparisons of objects to the extent of the 
system, as claimed in claim 1 of the present application. The system as claimed in claim 
1, by being able to determine object size, is capable of determining which of several 
detected objects is larger and thus, is better capable of determining which object poses a 
greater threat. 
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Therefore, applicants respectfully submit that the combinations in claim 1 
are not found in the prior art. 

Claim 2 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites that the vision system 26 includes a stereo pair 
of cameras 28 and 30. Neither of the references teach nor suggest this combination. 

Claim 3 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites that the object size includes height. Neither of 
the references teach nor suggest this combination. 

Claim 4 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites that the object size includes object area and 
object height. Neither of the references teach nor suggest this combination. 

Claim 5 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites the use of a vehicle speed sensor 32 that 
generates a speed signal that corresponds to the longitudinal speed of the vehicle. The 
controller 12 activates the countermeasure system 40 in response to the longitudinal 
speed signal. Neither of the references teach nor suggest this combination. 

Claim 6 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites the use of a decision zone. The vision sensor 
26 detects an object and generates an object distance signal from an object within the 
decision zone. Neither of the references teach nor suggest this combination. 

B. THE REJECTION OF CLAIMS 1 AND 7 UNDER 35 U.S.C § 103(a) 

Claims 1 and 7 stand finally rejected under 35 U.S.C. 103(a) over Shirai in 
view of Miller. 

As stated in the Response to the First Office Action, Shirai is directed 
towards an automotive collision avoidance or obstacle recognition system 1 for an 
automotive vehicle. Shirai discloses a radar unit 31 and 33 for determining height and 
distance of an object. Although Shirai may determine object height using a radar unit, 
Shirai does not teach or suggest the use of a vision system or the use of a vision system 
to determine object size. The Final Office Action relies on Shirai for the teaching of a 
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vision system. As stated above and as defined by the present application, a vision 
system is not the same as a radar unit. 

Shirai also, as stated in the Response to the First Office Action, fails to 
teach or suggest a controller coupled to a vision system and the deployment of either a 
first countermeasure or a first countermeasure and a second countermeasure in 
response to an object distance signal and an object size signal. 

Miller is directed towards a method for pre-crash assessment using 
spheroidal partitioning. Miller discloses use of a radar sensor 29 to determined distance 
of an object. Miller activates a countermeasure in response to distance of the object. 
Miller as with Shirai, also does not teach or suggest use of a vision system and 
deployment of a countermeasure in response to an object distance signal and an object 
size signal. Nowhere in Miller is object size detected, determined, or used to perform 
any countermeasures. 

The Final Office Action relies on Miller for the teaching of a controller that 
performs the functions as claimed in claims 1 and 7 of the present application and, in so 
doing, states that Miller discloses the controller 300 coupled to the radar sensor 29 and 
the proximity detector 42. The inclusion of a controller does not imply that the 
included controller, namely controller 300, is the same as or performs the same 
functions as the claimed controller 12. Clearly, the controller 300 of Miller is not the 
same as the controller 12 as claimed. The controller of Miller simply activates 
countermeasures in response to the distance of an object as determined through use of 
the radar sensor 29 and the proximity detector 42. The controller 12, claimed in claims 1 
and 7 of the present invention, determines size of the detected objects through use of 
the vision system 26 and performs countermeasures in response to the size of the 
objects. 

The Final Office Action states that the proximity detector 42 in 
determining proximity of various vehicles, inherently determines object size. Nowhere 
in Miller is object size mentioned, suggested, or determined. Applicants submit that 
determining distance of an object is not the same as determining object size. Also, the 
act of determining distance of an object does not imply that object size is also 
determined. 
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Applicants agree that the test for combining references is what the 
combination of disclosures, taken as a whole, would suggest to one of ordinary skill in 
the art, In re McLaughlin, 170 USPQ 209 (CCPA 1971). On the other hand, Applicants do 
not agree that the combination of Shirai and Miller is proper and that there combination 
teach or suggest each and every element as recited in claims 1 and 7. Neither Shirai nor 
Miller alone or in combination teach or suggest use of a vision system. Neither Shirai 
nor Miller alone or in combination teach or suggest deployment of a countermeasure in 
response to either an object distance signal and an object size signal or in response to 
object size and relative velocity, as generated or detected by a vision system. One 
cannot arrive at the system and method of claims 1 and 7 of the present application by 
combining the teachings of Shirai with that of Miller. Therefore, applicants respectfully 
submit that the combinations in claim 1 and 7 are not found in the prior art. 

Claim 2 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites that the vision system 26 includes a stereo pair 
of cameras 28 and 30. Neither of the references teach nor suggest this combination. 

Claim 3 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites that the object size includes height. Neither of 
the references teach nor suggest this combination. 

Claim 4 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites that the object size includes object area and 
object height. Neither of the references teach nor suggest this combination. 

Claim 5 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites the use of a vehicle speed sensor 32 that 
generates a speed signal that corresponds to the longitudinal speed of the vehicle. The 
controller 12 activates the countermeasure system 40 in response to the longitudinal 
speed signal. Neither of the references teach nor suggest this combination. 

Claim 6 is believed to be allowable for the reasons set forth above since it 
depends from claim 1 and further recites the use of a decision zone. The vision sensor 
26 detects an object and generates an object distance signal from an object within the 
decision zone. Neither of the references teach nor suggest this combination. 
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Claim 8 is believed to be allowable for the reasons set forth above since it 
depends from claim 7 and further recites determining an object height in determining 
object size. Also, when activating the countermeasure system 40 in response to the 
object size, the countermeasure system 40 is activated in response to object height. 
Neither of the references teach nor suggest this combination. 

Claim 9 is believed to be allowable for the reasons set forth above since it 
depends from claim 7 and further recites determining an object cross-sectional area in 
determining object size. Also, when activating the countermeasure system 40 in 
response to the object size, the countermeasure system 40 is activated in response to the 
object cross-sectional area. Neither of the references teach nor suggest this combination. 

Claim 10 is believed to be allowable for the reasons set forth above since it 
depends from claim 7 and further recites determining an object cross-sectional area and 
an object height in determining object size. Also, when activating the countermeasure 
system 40 in response to the object size, the countermeasure system 40 is activated in 
response to the object cross-sectional area and an object height. Neither of the 
references teach nor suggest this combination. 

Claim 11 is believed to be allowable for the reasons set forth above since it 
depends from claim 10 and further recites determining an object cross-sectional area 
with a vision system 26 in determining object size. Neither of the references teach nor 
suggest this combination. 

Claim 12 is believed to be allowable for the reasons set forth above since it 
depends from claim 7 and further recites detecting the object within the decision zone 
with a stereo pair of cameras 28 and 30 in detecting an object within the decision zone. 
Neither of the references teach nor suggest this combination. 

Claim 13 is believed to be allowable for the reasons set forth above since it 
depends from claim 7 and further recites prior to the step of activating the 
countermeasure system 40 either the first countermeasure or the first countermeasure 
and the second countermeasure are selected in response to the object size. Neither of 
the references teach nor suggest this combination. 

Claim 14 is believed to be allowable for the reasons set forth above since it 
depends from claim 7 and further recites determining the vehicle orientation in 
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determining object size. Also, when activating the countermeasure system 40 in 
response to the object size, the countermeasure system 40 is activated in response to the 
object size and the vehicle orientation. Neither of the references teach nor suggest this 
combination. 

Claim 15 is believed to be allowable for the reasons set forth above since it 
depends from claim 7 and further recites establishing a decision zone in front of the 
vehicle. Neither of the references teach nor suggest this combination. 

Claim 16 is believed to be allowable for the reasons set forth above since it 
depends from claim 15 and further recites detecting an object within the decision zone 
and activating the countermeasure in response to detecting an object within the 
decision zone. Neither of the references teach nor suggest this combination. 

Claim 17 is believed to be allowable for the reasons set forth above since it 
depends from claim 7 and further recites activating a first countermeasure, which 
includes pre-arming airbags and pretensioning motorized belt pretensioners, or 
activating the first countermeasure and a second countermeasure in activating the 
countermeasure system 40. The second countermeasure includes adjusting the host 
vehicle suspension height in response to the object size and orientation. Neither of the 
references teach nor suggest this combination. 

C. THE REJECTION OF CLAIMS 2-6 UNDER 35 U.S.C. § 103(a) 

Claims 2-6 stand finally rejected under 35 U.S.C. 103(a) over Shirai in view 
of Miller and further in view of Kinoshita. Applicants submit that since the 
combinations of claim 1 are not found in the prior art, that the combinations of claims 2- 
6 are also not found in the prior art for at least the same reasons. 

D. THE REJECTION OF CLAIMS 8-11 UNDER 35 U.S.C. § 103(a) 

Claims 8-11 stand finally rejected under 35 U.S.C. 103(a) over Shirai in 
view of Miller. Applicants submit that since the combinations of claim 7 are not found 
in the prior art, that the combinations of claims 8-11 are also not found in the prior art 
for at least the same reasons. 
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E. THE REJECTION OF CLAIMS 12-17 UNDER 35 U.S.C § 103(a) 

Claims 12-17 stand finally rejected under 35 U.S.C. 103(a) over Shirai in 
view of Miller and further in view of Kinoshita. Applicants submit that since the 
combinations of claim 7 are not found in the prior art, that the combinations of claims 
12-17 are also not found in the prior art for at least the same reasons. 



IX. Appendix 

A Copy of U.S. Patents 5,959,552 to Cho, 6,018,308 to Shirai, 6,442,484 to 
Miller, and 6,114,951 Kinoshita are attached hereto as Appendix A. 

A copy of the claims involved in this appeal, namely claims 1-17, is 
attached hereto as Appendix B. 

X. Conclusion 

For the reasons advanced above, Appellants respectfully contend that each claim 
is patentable. Therefore reversal of the rejection is requested. 

Respectfully submitted, 
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SYSTEM FOR MINIMIZING AUTOMOBILE 
COLLISION DAMAGE AND PERSONAL 
INJURY 

This application is a continuation in part of U.S. Ser. No. 5 
08/650,869 filed May 20, 1996 now U.S. Pat. No. 5,646,613. 

BACKGROUND OF THE INVENTION 
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1. Field of the Invention 

This invention relates to a system for minimizing damage 
to automobiles involved in accidents or collisions and for 
restricting personal injury in accidents or collisions. In one 
aspect, the invention relates to a computer processor based 
system for predicting a collision and deploying airbags for 
protection of the occupants and the roadway vehicle just 
prior to the impact. More particularly, the present invention 
relates to a system for monitoring the speed and direction of 
the roadway vehicle, the speed, direction and distance of 
other obstacles in relationship to the roadway vehicle, for ^ 
affording intelligent cruise control, warning to the operator, 
and for deploying of air bags prior to the collision to restrict 
the movement of the occupants and to absorb the impact of 
the obstacle colliding with the roadway vehicle. Another 
aspect is the monitoring of vehicles adjacent to the roadway ,, 5 
vehicle to advise the driver of the roadway vehicle when it 
is safe to change lanes. 

2. Description of the Prior Art 

Various airbags have been adopted to protect the passen- 
gers of a vehicle from injuries resulting from collisions. 30 
These air bags have been the steering wheel airbag to protect 
the driver and the passenger side air bag to protect the 
passenger. However, these air bags have been found to be the 
cause for some serious injuries and death to children and 
short adults. Further there have not been proposals to reduce 35 
the cost of repair or replacement of an automobile involved 
in a collision. Numerous attempts in the art from bumper 
construction to air bags, to vehicular control and warning 
systems have come about to protect the occupants of the 
vehicle. Despite this regard for reducing human danger, in 40 
most collisions the damage to the vehicle is unmitigated, 
creating substantial costs for repair or replacement. Also, the 
present air bags that deploy upon impact of the roadway 
vehicle with an obstacle have been found to be the contrib- 
uting factor in injury and death during accident. 45 

A plethora of patents exemplify various automotive 
devices known for human protection. Early designs to 
protect the automobile include: Collision Avoidance System 
published in the Fortune magazine dated Dec. 11, 1995 
currently developed by TRW, describing that a computer 50 
based system that adjusts the throttle and the brake to 
automatically maintain a safe following distance. British 
Patent Specification No. 550,194 describes a bumper for 
motor vehicles having a concave cross section and an outer 
cover within which is located an elastic member having a 55 
valve to inflate the pneumatic bumper to provide a protective 
air cushion throughout the entire surface of the bumper. 
German patent No. 2,020,360 issued Nov. 11, 1971 discloses 
a vehicle with bladders that are inflatable at will by the 
driver of the vehicle by electrical, hydraulic, pneumatic or 60 
mechanical means, or there are automatic means provided 
which initiate inflation of the bladders themselves. For 
example, sensors can be provided which, e.g., address the 
distance of the vehicle from a hazard under reverse extrapo- 
lation from the approach speed towards this hazard. There 65 
may also be provided sensors which address a predeter- 
mined deceleration of the vehicle air bags surrounding the 



vehicle to protect the vehicle, which air bags are inflated 
when the vehicle is approaching an object and the distance 
to the object is diminishing and a collision is likely. U.S. Pat. 
No. 4,215,878, issued Aug. 5, 1980 to Hirbod, discloses an 
internal air bag deployment system for protecting automo- 
bile occupants from injury during an accident. U.S. Pat No. 
4,528,563, issued Jul.. JLJL985 to Takeuchi, discloses an 
obstruction sensing system to provide an alarm when an 
obstruction is within a warning area. U.S. Pat. No. 4,694, 
295, issued Sep. 15, 1987 to Miller et al., discloses a system 
for warning a driver if another vehicle is located in the blind 
spot of the mirrors and delivers a warning or provides the 
actual distance in feet between the vehicle and operators 
vehicle. U.S. Pat. No. 5,119,901, issued Jun. 9, 1992 to Buie, 
discloses a vehicle air bag system having switches for 
triggering the air bags when the bumper is moved and a 
distance measuring system for generating an alarm signal 
when a radar ranging device detects tile distance between 
the vehicle and other vehicles to be in a potentially danger- 
ous condition. U.S. Pat. No. 5,347,273, issued Sep. 13, 1994 
to Katiraie, discloses an ultrasonic detection system for 
sensing an obstacle and measuring the distance to that 
obstacle and generating an alarm or activating an air bag 
when the vehicle is within a dangerous distance to another 
vehicle. U.S. Pat. No. 5,106,137, issued Apr. 21, 1992 to 
Curtis, discloses an improved vehicle bumper having, inter- 
nally of the bumper shell, an air bag for providing additional 
energy absorption upon impact. U.S. Pat. No. 5,165,497, 
issued Nov. 24, 1992 to Chi, discloses a system for control- 
ling driving distances. U.S. Pat. No. 5,166,881, issued Nov. 
24, 1992 to Akasu, discloses a control apparatus for main- 
taining a set distance between a vehicle and a leading 
vehicle. U.S. Pat. No. 5,202,742, issued Apr. 13, 1993 to 
Frank et al., discloses a vehicle guidance system utilizing 
laser radar. U.S. Pat. No. 5,209,519, issued May 11, 1993 to 
Shiga et al., discloses an air bag for protecting the occupants 
of a vehicle upon impact. U.S. Pat. No. 5,314,037, issued 
May 24, 1994 to Shaw et al., discloses an automobile 
collision avoidance system that uses a laser radar and 
microprocessor for anticipating a collision and warning the 
driver of the possibility of the accident. Additionally, this 
patent discloses the control of vehicular functions such as 
braking. U.S. Pat. No. 5,324,072, issued Jun. 28, 1994 to 
Olson et al., discloses an air bag for protecting the occupant 
of an automobile from broadside injury by deploying the air 
bag from the internal side of the automobile. U.S. Pat. No. 
5,332,057, issued Jul. 26, 1994 to Butsuen et al., discloses 
an automatic vehicular control system for altering the direc- 
tion and/or speed, ultimately avoiding contact. U.S. Pat. No. 
5,357,438, issued Oct. 18, 1994 to Davidian, discloses an 
anti-collision system for automobiles using a multiplicity of 
sensors and a computer processor for predicting an accident, 
and subsequently warming the vehicle operator of the pos- 
sible danger. U.S. Pat. No. 5,400,864, issued Mar. 28, 1995 
to Winner et al., discloses a system and method for control- 
ling vehicle speed by maintaining a set safe distance from a 
preceding vehicle. U.S. Pat. No. 5,461,357, issued Oct. 24, 
1995 to Yoshioka et al., discloses an obstacle detection 
device for a vehicle, which upon obstacle detection, subse- 
quently controls vehicular functions and emits an alarm 
warning the operator of the imminent danger. Canadian 
patent doc. No. 923,604, published Mar. 27, 1973 by Lalone 
et al., discloses a vehicle anti-collision automatic control 
system for predicting a collision between two vehicles and 
causing the vehicle to be slowed or stopped, avoiding a 
collision. Despite the abundance of such devices, none of the 
above inventions and patents, taken either singly or in 
combination, is seen to describe the instant invention as 
claimed. 



5,959,552 

3 4 

SUMMARY OF THE INVENTION Further, the present invention provides a system that 

Over the years since the inception of the automobile, maintains the original aesthetic quality of a vehicle in the 

many features have been added to enhance its functionality evenl °f a collision. 

and appearance. For passenger safety, these enhancements Further, the present invention provides a system of intel- 

range from front seat lap belts to real seat full shoulder 5 ligent cruise control, a system for advising the driver of the 

harnesses, and from reinforced frame beams to internal air roadway vehicle when it is safe to change lanes, a warning 
bags. These enhancements have been instituted while main- — —system for warning the driver of the roadway vehicle when 

taining an appealing aesthetic character to the automobile. tfje roadway vehicle is backing up and when any obstacle is 

For example, body side moldings and matching bumpers existing in the dead angle and a system to deploy air bags to 

protect the vehicle and occupants while providing an attrac- 10 DO id occupants in their seats and to deploy air bags external 

live appearance to the onlooker. For this reason, maintaining t0 lhe veh j cle per i me t er to cushion and protect the aesthetic 

the attractiveness is important. The importance resides in the ap pearance of the roadway vehicle in the event of an actual 

fact that most of the value of a vehicle is not found in its collision 

performance, but rather in its appearance. Unfortunately, all . -j 

of the safety features that have been incorporated in today's „ SlJI the P re f nl invention provides a system to 

modern vehicles do not always restrict the occupants against 15 monitor the location of the roadway vehicle in relationship 

injury and do not protect the physical appearance of those to other vehicles and obstacles by utilizing the Global 

parts of the vehicle exposed during a collision. These parts, Positioning System (GPS) as the detection sensor unit to 

apart from the volatile parts of the vehicle (namely, the detect the relationship the roadway vehicle, its speed and 

engine, gas tank, etc.) need some protection to avoid costly direction, in relationship to the speed, direction and distance 

repair and replacement of the assets governing the value of 20 from obstacles, including vehicles, to control the onboard 

the vehicle in the event of a collision with another obstacle. energy absorbing inflation devices, intelligent cruise control 

The present invention relates to a roadway vehicle system, ana warning system, for restricting damage to the 

equipped with a computer based system for predicting a roadway vehicle and for restricting injury or death occu- 

collision and deploying air bags at an appropriate time for pants. 

reducing the amount of damage sustained by the roadway These and other features and objects of the present 

vehicle in an accident and for restricting the amount of invention will become readily apparent upon future review 

injury to occupants. The system includes basically, a detec- of the following specification and drawings, 

lion sensor unit for detecting speed distance, and direction BRIEF DESCRIPTION OF THE DRAWINGS 
of other obstacles; a speed detector for detecting speed of the 

roadway vehicle by speedometer; a direction detector for The present invention will be described with reference to 

detecting direction of the roadway vehicle; an energy the accompanying drawing wherein: 

absorbing inflation unit and a central computer processing FIGS. 1 and 2 are perspective views of all automobile 

unit (CPU). equipped with the system of the present invention showing 

Accordingly, the invention provides an automobile, road- 35 comparison views of external air bags before and after 

way vehicle, with a system for reducing the amount of . inflation; 

physical damage resulting from collision and for restricting FIGS. 3 and 4 are environmental side views of the system 

injuries or death to occupants resulting from the deployment 0 f the present invention in states before and after a collision; 

of driver and passenger air bags upon impact. It is another pic. 5 is an enlarged diagrammatic view of a represen- 

object of the invention to provide a system that automati- 4Q lative a j r bag ^ slorec j j n tne automobile shown in FIG. 1; 

cally determines the possibility of an accident and initiates nGS 6 6A and 6B ar£ diagrammatic representations of 

damage reducing actions. alternative embodiments of external air bag constructions 

It is a further object of the invention to provide a system in accordance with the present invention, with FIG. 

that automatically deploys air bags externally of the vehicle 6 snowing deployed air bags from ports in the vehicle; 

in the event of an accident, thereby preventing major dam- 45 FJGS ?> ^ % 1Q and u afe (op environmental ^ of 

age to the vehicle. alternative radar arrangements of the present invention; 

Still another object of the invention to provide a system nG u ^ a ^ view of a road vehicle 

that automatically deploys air bags or keeps the air bags ^ ^ ( invenlion; 

always deployed, internally of the vehicle bumper in addi- ^ cross-sectional view of the front bumper of 

tion to the externally deployed aor bags of the vehicle in the 50 P 

event of an accident, thereby preventing major damage to _ , . . f , . . b , . a . 

the vehicle bumper housing the folded air bag and inflation unit, 

„ jL * . . -j . . , FIG. 14 is a perspective view of the roadway vehicle of 

Further, the invention provides a system that automati- ___ _ . . . r ...... j i a 

cally deploys airbags internally of the vehicle prior to an 12 Wlth ^ air ba & . 1D * e ^mper deployed; 

imminent collision to restrict injury or prevent death of the 5 5 FIG ' 15 * a <™ss-sectional view of the front bumper of 

occupants. the vehicle of FIG. 14; 

Further, due to the cost of repair and replacement of air FIGS - 16 and 17 arc a diagrammatic views showing the 

bags, when the roadway vehicle is within an unavoidable locatlOD of and ex f nal air ba S s of ^ roadwav 

collision distance (equal with the minimal allowable time vehicle Wllh the 311 ba S s inflated i 

window), it is another aspect of this invention to have 60 FIG - 18 * a diagrammatic view of a seat belt buckle and 

switches to disable the inflation units for the internal air bags clasp; 

when the safety belt is not fastened. Also, another aspect of FIG. 19 is a diagrammatic view of a passenger leaning 

this invention is to have the relative speed between the two forward of the normal position in a seat to illustrate the 

vehicles control inflation of the air bags, e.g.: (1) lower than shoulder belt and air bag control; 

5 mph, no air bags inflate, (2) higher than 5 mph, external 65 FIG. 20 is a lop environmental view of the preferred 

air bag only inflate, (3) higher than 20 mph, external and embodiment of the arrangement of the air bag and detector 

interna] air bags inflate. locations external to the vehicle; 
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FIG. 21 is an environmental view illustrating the system radar, laser, and microwave, that is sonic detector including 

predicting collision with other obstacles; ultrasonic and acoustic detection devices, wherein laser 

FIG. 22 is a perspective view showing a modular auto- radar is optionally used because of the more narrow beam 

mobile body for returning the deflated and folded air bag to width and angular resolution, as the laser radar importantly 

the automobile as shown in FIG. 3 after a collision; s gives more specific and precise information of detected 

FIG. 23 is a series of views depicting (23-A) the normal vehicle's or obstacle's direction, distance, size and relative 

position of an occupant in a roadway vehicle, (23-B) the speed. One such system may include a radar detection 

position at the time the CPU determines a collision is device transmitting and receiving signals at a rate in the 

imminent and air bag to start to inflate, (23-Q the position range of 1 to 1,000,000,000 samples per second. The data 

just prior to impact, (23-D) the position upon initial impact i° obtained by detection sensor unit (hereinafter, radar) is 

or collision, and (23-E) the position when the roadway processed by a computer to determine the time of an 

vehicle initially comes to rest after collision; imminent collision. 

FIG. 24 is a series of views depicting a child seat in the The speed detector of the preferred embodiment provides 

passenger seat of a roadway vehicle in (24-A) the normal information to the CPU concerning the speed and other vital 

position of the roadway vehicle, (24-B) the position at the 15 information concerning the roadway vehicle. This informa- 

time the CPU determines a collision is imminent and air bag tion gives the CPU the instantaneous parameters of the 

starts to inflate, (24-C) the position just prior to impact, operation of the vehicle allowing the CPU to predict the time 

(24-D) the position upon initial impact or collision, and an impact will occur. 

(24-E) the position when the roadway vehicle initially The energy absorbing inflation unit, typically an air bag 

comes to rest after collision; 20 unit, responds to a control signal generated by the CPU. The 

FIG. 25 illustrates diagram matically the vehicle warning unit has a volume of inflation gas contained in an inflation 

feature of the present system to alert the driver of the device (hereinafter inflator). The inflator has an electroni- 

roadway vehicle (10) when obstacle (20-1) is in dead angle; . cally controlled valve that is activated by the CPU, releasing 

FIG. 26 illustrates diagrammatically the vehicle warning the inflation gas into the air bag. The air bag forms an energy 

feature of the present system to alert the driver of the 25 absorbing barrier between the roadway vehicle and the 

roadway vehicle (10) foot something existing behind the object of the collision to reduce impact. The air bag uses 

vehicle. high pressure release valves to divert and dissipate the 

FIGS. 27 and 28 illustrate diagrammatically the use of the absorbed energy into the atmosphere. The internal energy 

squeezing-in feature of the present system to aid the merging absorbing unit is also an air bag, of the type that is standard 

of the roadway vehicle (10) with vehicles (20) in another in the industry, but differs from that of the present invention 

lane of traffic; and FIG. 21 A illustrated the indication of the in that the sensor to release the inflation gas into the air bag 

squeeze in status; is activated by the CPU. 

FIG. 29 is a diagrammatic view of the satellite (70) in A preferred embodiment of the present invention utilizes 

place of the radar to monitor the location of the roadway 35 a plurality of energy absorbing inflation units externally and 

vehicle (10) and other vehicle (20); internally of the roadway vehicle. 

FIG. 30 is a block diagram illustration of the typical flow A CPU capable of receiving, and processing input 

of the system logic for predicting a collision and deploying information, and ultimately generating an output signal 

the air bags; initiating action is used. Such CPUs are conventional in the 

FIG. 31 is a diagrammatic view of the system of the 40 art - Tn e CPU of the present invention, through simple 

present invention and its relationship to the systems known algorithms, with speed, distance, and directional 

described in blocks and schematic representation; data, can predict when an accident or collision is imminent. 

FIGS. 32-1 and 32-2 include diagrammatic views of ^ CPU of the P resent invention, once the prediction has 

functions of the detection sensor unit and the computer and been made > farther assesses the time necessary to maximize 

compares the present invention with conventional devices 45 the protective effect of inflation and generates a control 

regarding determination of imminent situation based on si g nal lo thc inflation unit. The time deemed necessary is 

speed, distance and direction; and FIG. 32A illustrates the generally referred lo as a minimum allowable time window, 

minimum allowable time window (M)). Another aspect of the present invention is that the CPU 

FIG. 33 illustrates the preceding aspects of the two calculates anticipated collision point on the basis of speed, 

vehicles (10 and 20) in imminent situation, wherein collision 50 distance, direction and predetermined minimum allowable 

is commonly made on the comer of the vehicle. window. The minimum allowable time window of the 

Similar reference characters denote corresponding fea- P resenl invention is to be used for inflating air bags only 

tures consistently throughout the attached drawings. when 11 15 aD unavoidable collision situation ^and represents 

the time period up to a collision during which it is lmpos- 

DETAILED DESCRIPTION OF THE 55 sible for a driver t0 uke aclion lo evadc a collision. Note that 

PREFERRED EMBODIMENTS me purpose of the minimum allowable time window used in 

In the preferred embodiment, a roadway vehicle is Shaw's invention (U.S. Pat. No. 5,314,037 issued May 24, 

equipped with a computer based system for predicting a 1994) is to evade a collision and represents the time period 

collision and deploying air bags at an appropriate time for prior to a collision during which it is possible for the driver 

reducing the amount of damage sustained by the vehicle in 60 10 ta ^e action to evade a collision. 

the accident and reducing the risk of bodily injury or death A CPU of the conventional devices as in 32-1 of FIG. 32, 

to the occupants. The system includes basically, a detection is capable of receiving information on speed and distance 

sensor unit, speed detector, direction detector, at least one from the roadway vehicle (10) to point 21, then to point 22 

energy absorbing inflation unit and a central computer which is 120 cm distance from roadway vehicle 10 and 

processing unit (CPU). 65 processing input information and ultimately generating an 

The defection sensor unit can be of any known type that output signal initiating action to anticipate two different 

is radiant energy detector including infrared, radar, laser situations; (1) colliding case and (2) collision avoiding case. 



5,959,552 



8 



However the CPU of the present invention as in 32-2 of FIG. 
32, through simple known algorithms, given the necessary 
speed, distance of obstacle (20) moving from point 23 to 
point 24, 120 cm from roadway vehicle (10), and an 
assumed parabola made by extending the path of vehicle 
(20) from point 23 (145 cmx4 degree oil right) to point 24 
(120 cm xlO degree on right), can predict a collision point 
on the basis of the predetermined minimum allowable time 
window (e.g. 0.2 second), only predicts whether a collision 
is imminent or not. By doing so, if the assumed parabola 
meets the roadway vehicle (10), a collision definitely arises 
at the point meeting with the roadway vehicle (10), and so 
the CPU orders the air bag to inflate before impact. 

Once a collision becomes imminent, unavoidable and 
inescapable, the CPU determines the time of impact accord- 
ing to the minimum allowable time window and sends a 
control signal to the inflation unit. The control signal causes 
the air bag or bags to inflate during the minimum allowable 
time and the inflated air bag absorbs the energies associated 
with the impact power. These energies generally include 
kinetic, momentum and inertial energies among others. The 
inflation of the external air bags will reduce the impact 
power of driving machineries into the compartment of driver 
and passenger . Thus, upon impact, the occupants are carried 
forward against an inflated internal air bag instead of against 
an inflating internal air bag which because of the speed of 
inflation can exert a devastating blow against an accelerating 
person, object or an infant seat, e.g. moving in the direction 
of the inflating air bag. 

Referring to FIGS. 1 and 2 a roadway vehicle 10 is 
equipped with the system of the present invention described 
herein. The system does not interfere with the current level 
of aesthetic qualities associated with the modern vehicle of 
today. The exterior of the vehicle 10 ha^ujq^ejr^llL^,. 
supporting ra dar ports 12A and a ir bag . pjQrts,X4A^Whe n 35 
activatecf, airbag 14 is inflated through the air bag port 14A, 
forming an impact buffer between the vehicle 10 and the 
object of the collision. Mounted in the door panels 46 of 
vehicle 10 are air bag ports 44A preventing damage to the 
side of vehicle 10 in a manner similar to that previously 
described. Greater detail of the system is discussed below 
and shown in FIGS. 3 and 4, 7 through 11 and 20. 

In FIG. 3 the roadway vehicle 10 is in typical traffic road 
flow. Vehicle 10 is preceded by leading vehicle 20, and 
succeeded by trailing vehicle 30. The convoy depicted is 
commonly seen on any roadway, and the speed of each 
vehicle should be at the appropriate speed limit. 
Unfortunately, conditions arise to cause disruption in the 
uniform flow of traffic. For example, while traveling at a 
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time (collision unavoidable time) window is satisfactorily 
set. The signals 32 provide the CPU 18 with information 
relating to the relative distance between vehicle 10 and both 
leading 20 and trailing 30 vehicles. Also, signals 32 provide 
the CPU 18 with information relating to the speeds and 
moving directions of vehicles 20 and 30. With this infor- 
mation the CPU 18 calculates the changes in distance, speed 
and direction of vehicles 20 and 30 with relationship to 
vehicle 10. The CPU 18 is programmed to acknowledge 
abrupt changes as to potential indications of an impending 
collision. As leading vehicle 20 suddenly changes speed by 
braking, radar 12 aboard vehicle 10 detects the change and 
submits the information to CPU 18. Likewise, as vehicle 10 
begins to brake in response to the braking of vehicle 20, 
radar 12 detects a relative increase in speed from trailing 
vehicle 30. CPU 18 alerts the operator of vehicle 10 that a 
collision may occur involving either or both leading vehicle 
20 and trailing vehicle 30. CPU 18 also calculates a collision 
unavoidable distance, determines the apparent time of immi- 
nent collision on the basis of the established minimum 
allowable time window, and generates a control signal. 
When the collision becomes imminent, unavoidable and 
inescapable, the control signal is sent from CPU 18 to 
inflation unit 16 via control lines 26. The inflation gas fills 
air bags 14 and the air bags 14 are deployed externally of the 
bumper, after which the inevitable collision occurs as in 
FIG. 4. By the impact pressure the gas is released from the 
air bags through valves. In addition, supported internally of 
the bumpers 10A are several auxiliary air bags 14B. Aux- 
iliary air bags 14B provide impact absorption to the vehicle 
10 and bumpers 10A. The auxiliary air bags 14B remain 
inflated at all times, giving the bumpers 10A an internal 
buffer for low speed impacts (e.g., 5 mph collision) at which 
the CPU would not send the control signal to the air bags 14. 
The air bags 14 provide an energy absorbing buffer between 
the colliding vehicles 20, 10 and 30. As illustrated in FIG. 
5, all inflation unit assembly, including inflation unit 16 and 
air bag 14, is stored in the vehicle. Inflation unit 16 contains 
a volume of compressed gas or chemicals. The air bag 14 is 
shown in a deflated and folded position adjacent to the 
inflation unit 16. The air bags 14 are illustrated in inflated 
condition at the front of the vehicle 10 in FIG. 6. As 
illustrated in FIGS. 6 A and 6B, to help absorb the collision 
energies, air bags 14 convert the absorbed energies into air 
or gas movement, and the air or gas is released through high 
pressure release ports 34 to discharge the energy into the 
atmosphere. Thus, air bag 14 helps maintain the aesthetic 
quality of the bumper shape of the vehicle 10. Air bag 14 is 
shown as having multiple compartments, for example other 



high spe^d leading vehicle 20 approaches .an „unexpecled...5Cucompartment 36 and inner compartment 38, which compart- 



road,hazaxd^,s%h^as jajnajpjc^ipljjgle.. Leading vehicle 20 
"attempts to slow down or stop. Unfortunately, the vehicles 
10 and 30 fail to anticipate the danger ahead of leading 
vehicle 20. Vehicle 10, being equipped with the system of 
the present invention, has a CPU 18 that constantly monitors 
the traveling parameters of the vehicle 10 from'the dash- 
board 22 via dashboard link 2*4."Th€ 'dashboard 22 including 



55 



ments* operation is more clearly shown in FIGS. 6Aand 6B 
as briefly mentioned above. As seen in FIG. 6 A, the outer 
compartment 36 surrounds inner compartment 38. Each of 
the outer 36 and inner 38 compartments has a plurality of the 
highjiressure release polls 34 .for diverting the impact power 
to the atmosphere. Alternatively, as seen in FIG. 6B, the 
inner compartment 38 is completely enclosed internally of 



speed detector and direction detecto r pro^id^sjLnfpjmaiioB the outer compartment 36. The inner compartment 38 has a 



oflHe^Speed and direcTIdlToT the yehicTe 10. Speed infor- 
mation may be provided by ajspeedometer, for example, and 
directional information may be obtainable fmmjja^arj^nit 
mounted at various locations in vehic le lQ 1( I he CPU 18 also 
receives input signals from racl ar 12 ^\ \^\^J^^l7^J^ 
radar 12 transmits and receives IBTormation concerning the 
leading 20 and trailing 30 vehicles yia„the-transmitted and 
reflected signals 327The signals 32 are sampled by the CPU 
18 at a high rate in order to ensure the minimum allowable 
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plurality of high pressure release ports 34 that release the gas 
into the outer compartment 36. The outer compartment 36 
^also-bat-*. plurality of high pressure release ports 34 that 
release the gas into the atmosphere. The construction of the 
high pressure release ports may be accomplished using any 
of numerous conventional means known in the art, for 
example, the ports 34 seen in the FIGS. 6A and 6B. 
Likewise, the ports 34 may include a pneumatic type valve, 
such that upon impact a valve stem extends from each port 
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through which the internal pressure at impact is forced. It is is not connected with the CPU, (2) the buckle 45 is con- 
also conceived that simple a stopper type pop out in each nected with the CPU only, wherein if the buckle 45 is not 
port may be provided. However, the stopper should be clasped, the circuit in the control line 26 shown in FIGS. 3 
permanently tethered to the air bag 14 as a projectile and 4 between the CPU and the inflation unit 16 shown in 
safeguard 5 FIG - 5 * brokcn as tne cpu doesn't make an air bag 
_f„ „* M1 c , 4 . f inflation order. This would prevent the costly operation 
FIGS. 7-11 illustrate vanous arrangements for location of assodaled wilfa the unne cessary deployment of the air bag. 
-the radar units 12 on vehicle 10. FIG. 7 shows a vehicle Ho lhe inflalion unil ^ slandard in me induslry and 
having an omnidirectional radar unit emitting a 360 degree faas a yolume Qf {Q be releascd [QiQ {hc 
radial beam 40A and receiving its corresponding reflected air b to rolecl me passenge r. In the present 
beam. The radial beam 40Amay be ^emitted in many known 10 ^ ^ ^ ^ ^ ^ ^ 
^^'V*;.^* ^ b ^ 8 illustrates a allowaWe lime window CPU determining an 

^ rplurakty^ 4fnmineDl collision ^ ^ si nals l0 t^ inflation miL 

-vetacrT^ an inspection region shownby ^ are sUn ^ ^ riding itioQ 

feMgjWB (which may overlap increasing continuous when ^ air b d } rior lQ a real and 

peeler ra^nge). FIG. 9 illustrates an arrangement of 15 immcdia an . occufS { ^ gef in ^ 

^ ? ^"^V ^ Clmg q u J" 111 F T 0D f ^- b «^ C - direction of the impact and against an already inflated air 

*~"~FIGS. 10 and 11 illustrate the forward and rearward detec- . 

lion arrangement of the preferred embodiment, radar 12 ~" - ft .„ . . A - ^ f . _ j„„„ 

i . j ■ r . r .u u- i in • i j »k 4U FIG. 19 illustrates a driver or a passenger of a roadway 

located in the front of the vehicle 10 is coupled with the JV f . . - ' 

, . r . - , * A u. . .u . ?n vehicle bending forward in the seat to get something from 

steering mechanism of vehicle 10 so that as the steering 20 - fe ... - . * „ nmfl4f , mft . 

. « . * . j- i . j . the floor of the vehicle or from the glove compartment, 

wheel turns, the radar unit 12 is correspondingly turned to . . . „ * . rt f t u„ 

. . ' . j. V, ii , ... wherein if the air bag were to inflate by the system of the 

maintain its beam in a direction generally parallel with the . b . J . . „ nt ( . t 

r , r , , f J / r u- i tv* conventional devices sensing an imminent collision at that 

direction of the front wheel of the roadway vehicle, ibis ... * . . - * riA 

. . . c . . . # . \. .... f moment, the person will have to encounter a blow of 200 

results in the forward beam 40D inspecting the vicinity of , c • , *\ _ . . ■ „ . , . 

, . . . . . - i m u i d — Af\x= 9s rnph from the inflating air bag. To avoid such situation, the 

the turn into which the vehicle 10 embarks. Beam 40E 25 r • - i j . . . i .u • a 

, . t . . . . , present invention includes a system to control the inflation 

maintains a rearward inspection, monitoring abrupt changes • c u u * . n a ,«n^* 

f . . . r ,. ,. i 1 a unit 16 shown in FIG. 5 by a switch installed on the roller 

in distances of vehicles approaching vehicle 10. 0 . . . ... ' . _ . rtf t . - 

*^ & 82. A large person will normally require more length of the 

FIGS. 12 and 13 illustrate an alternative where the air seat beU and the shoulder strap> When lhe bcll ^ stretched 

bags are folded behind ports, lids or doors in the vehicle om mQre lhan a norma i allowable amount, the switch of the 

body which open when an air bag 14 is deployed. As roUer g2 is opened lQ disconnect roller from the CPU to 

illustrated m FIG. 13, the air bag 14 is folded behind the disaWc the air bags 44 and an audio and/or visual a]arm is 

doors 42 and 43 in the vehicle bumper 10A, inflation unit 16 act j V ated. When the roller 82 starts to role by pulling it out, 

is protected from impact by steel frame 15 and also protected lne swilch puls ^ air bag function t0 me normal position, 

from impact by buffer 13 which is connected to internal When me passenger relurns t0 the n0 rmal position from the 

body frame together with steel frame 15 when air bag bent posilion) lhe alarm stops and the roller switch and the 

inflation is not required due to lower speed impact. The cpu for the air bag system relurn l0 norma L 

doors 42 and 43 are shown as moving upward and down- fIG 2Q i]luslrales lhe eferred ilion and arrangement 

ward respectively, as m FIG. 15 to a How the air bag 14 to for ^ infialion ^ u and externa} aif bags M wfaich 

fully inflate as best shown in FIG. 14. The air bag 14 is ^ ^ vehic]e and ^ occupants from damage ^ 

deployed by the inflation unit 16. injury ^ roadway vehicle 10 has a pluralily of lhe in fl a uon 

A roadway vehicle equipped with the computer based 15 anc j associated air bags 14 positioned around the 

system and the CPU for predicting a collision, may also vehicle. The CPU 18 is also operable to selectively control 

protect the occupants of the roadway vehicle by deploying eacn inflation device and minimizes damage to the vehicle 

internal air bags at an appropriate time prior to the impact to 45 re g a rdless of the direction of the imminent collision, 

restrict, or substantially reduce the risk of bodily injury or fIG. 22 shows an exemplary view of the interior system 

death to the occupants. The interior system includes basi- of lhe vchiclc 10 . The vehicle 10 of FIG. 22 has a modular 

cally theja&ir^ characteristic, in that the bumpers 10A and door panels 46 

^or'detector) 22 m FIGS. 3 & 4, at least one energy are supported on rails 60. These rails 60 allow the bumpers 

absorbing inflation unit 44 in FIGS. 16 & 17 and the central 5Q 1QA and doQr panels 46 tQ s]ide oul and away from the 

computer processing unit (CPU) 18. vehicle 10, like drawers. Once in the open position, the 

FIGS. 16 and 17 show the locations of the internal air bags deflated and refolded air bags are replaced internally of the 

44, including side air bag, knee air bag, rear seal air bag, vehicle and the bumpers 10A and door panels are returned 

ceiling air bag, driver and passenger airbags. Inflation of t 0 the vehicle. Since the amount of damage would be 

these air bags, just prior to collision, provides cushions for 55 minimal, even at higher velocities, the aesthetic quality of 

the occupants to restrict the travel and force of the impact vehicle 10 is preserved. It should be noted that one aspect of 

with the obstacle. On the contrary, the air bag in prior arts the invention is to reduce the physical damage of the vehicle 

is deployed upon impact by which the occupants are being although the invention also protects the occupants of the 

thrown causing a second collision often resulting in vehicle from extreme injury created by the impact force, due 

abrasions, broken members and in death. 60 to the impact being greatly reduced by the system of the 

FIG. 18 shows a seat belt buckle set which is to be clasped present invention. After deployment the system would sim- 

in order to prevent the unnecessary deployment of the ply require recharge of the compressed gas in inflation unit 

internal air bags prior to a coDision. To hold the internal air 16 and upon deflation, refolding and repositioning of the air 

bag form being deployed when a seat is not occupied, the bags 14 in the vehicle 10. Additionally, the invention serves 

two methods are proposed for being applied: (1) the buckle 65 to minimize damage to other non -moving vehicles or 

45 is directly connected with the ignition switch of the obstacles. For example, as best seen in FIG. 21, the radar 

inflation unit 16 shown in FIGS. 5 and 6, wherein the buckle unit 12 functions to detect pedestrians 50, animals 52, 
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inanimate objects (such as balls 54, pylons, cones, flags, 
barricades 56, etc), and plants or trees 58. In addition, the 
system may detect walls, guardrails and utility poles. 

FIGS. 23 and 24 disclose various views of the roadway 
vehicle with the passengers. CPU sends a signal to deploy 
the air bags and the air bags are deployed. Upon a collision, 
the movement of the vehicle and passengers associated with 
the impact is made against the air bags. The internal air bags 
are selectively inflated according to the location at which the 
collision occurs. In FIG. 23 several views depict the opera- 
tion of the present invention. 

First, view 23 -A in FIG. 23 shows vehicle and occupant 
in the normal position. In view 23-B, it shows the CPU has 
signaled that a collision is imminent and the inflation units 
16 are triggered and the air bags 14 and 44 are being 
deployed. The air bags in view 23-C are fully deployed. In 
view 23-D, collision has occurred and the occupant is 
thrown against the inflated air bags and the external air bag 
has made contact with an obstacle abruptly beginning decel- 
eration of the roadway vehicle, and the view 23-E illustrates 
the roadway vehicle to have stopped. FIG. 24 depicts in 
several views the sequence with a child in the next seat to the 
driver. The child is protected by the seat belts in the seat in 
view 24-A. In view 24-B, CPU has signaled that a collision 
is imminent and the inflation unit 16 is triggered and the air 
bags 14 and 44 are being deployed. In view 24-C, the air 
bags are fully deployed and the collision occurs instanta- 
neously. In view 24-D, the collision has occurred, and the 
child seat and infant are moved toward the inflated air bags 
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of vehicle 10 of the speed of vehicle 20 approaching the 
intersection. It is not appropriate to move into the intersec- 
tion when radar unit detects the approaching vehicle 20 on 
the right, and then CPU provides the driver of the vehicle 10 
with the speed of vehicle 20 to help for his decision on 
turning into the intersection. 

FIG. 29 diagrammatic ally illustrates the system according 
to the present invention, wherein satellite 70 affords signals 
of the location of vehicle 10 and the location of obstacle 20 
to the CPU mounted on vehicle 10. The signal from the 
satellite is more accurate concerning the location of 
obstacles. 

FIG. 30 shows a block diagram which provides a com- 
plete overview of the functional operation of the system 
disclosed herein. Block 60 for rWeiinn *pn*nr nnjf r rep re - 
sentsJhfcjadar-^^Block 62 for speed detector and direction 
detector disclosing information concerning the roadway 
vehicle 10 transmitted to CPU. The CPU 18 is shown 
incorporating the various processing sequences. Block 64 
receives the information from block 60 and 62, and pro- 
cesses the information into usable data for the CPU 18. 
Block 66 gathers additional information to be used in 
determining whether to inflate the internal air bags, for 
prediction of collision point, for establishment of collision 
unavoidable distance on the basis of the minimum allowable 
time window, for determination of safety belt status whether 
fastened or not, and for determination of the relative speed 
between the two vehicles to be less than the predetermined 
minimum speed prestored in the CPU. Block 68 represents 



against the strain of the seat belts as indicated by the arrow. 

The external air bag has made contact with the obstacle 30 the means to continuously compare information provided by 

abruptly beginning deceleration of the roadway vehicle. In Block 64 and Block 66. The output of block 68 is sent to 

view 24-E, the roadway vehicle has stopped and the child block 70. Block 70 of the CPU 18 examines the output of 

seat hits against the cushion of the air bag. block 68 and the result of which comes to one of the six 

FIG. 25 illustrates vehicles equipped with the system of sections; 71 is imminent situation — all air bags to inflate in 

the present invention moving along a multi-lane roadway. So 35 Block 80, 72 is imminent situation — only external air bag to 

often a driver has blind spots and cannot see vehicles that are inflate against the predicted collision in Block 82, 73 is 

adjacent to the roadway vehicle 10 and the system of the imminent situation but not much damage — no air bags to 

present invention can be equipped with a warning system to inflate in Block 84 in which case the collision would result 

alert the driver to the presence of adjacent vehicles 20-1 and in inexpensive damage or injury in comparison with the cost 

20-2. Such warning can be visual, light or other signal, audio 40 of repair or replacement of an air bag. 74 is for dangerous 

such as a sound from a buzzer, or a digital readout giving situation for an obstacle being found in dead angle and 

speed and location of the adjacent vehicle. Such information warning is given to driver in Block 86, 75 is for vehicle's 

^js also given when the roadway vehicle 10 backs up as action to be allowed when trying to change the lane to the 

/ indicated in FIG. 26. A small object 50 in the rear of the adjacent one and the roadway vehicle squeezes into the 

/ vehicle 10 shown in FIG. 26 will be picked up by the system! 45 adjacent lane in Block 88, 76 is for initiating the intelligent 

/ and a warning signal will be given to the driver of the cruise control to be made by the CPU 18. When Block 70 

C^roadway vehicle 10. _] comes to an imminent situation, the CPU 18 selects one of 

FIG. 27 illustrates diagrammatically the squeeze-in sys- the 6 situations and renders a proper action to be taken, 

tem which can be used for the situation that the driver of FIG. 31 diagrammatically illustrates how the present 

vehicle 10 desires to make a lane change to the adjacent lane. 50 system operates in conjunction with other safety systems. 

When vehicle 10 is going to change its lane to the left, the Each radar 12 sca ns the area to the right, left and front of the 

CPU mounted on vehicle 10 calculates on the basis of the V. n j« , B ,;>.h,^';nyi ™<y*r \ z anr * transmit tq, 

information received from the radar and informs the driver the CPU_lj^ 1 $pee. d«_j3irection and distance data 

of the current status. If speed of vehicle 10 is 20 mph more o bstacle in the r anfift5J ^istance_in_p 



than that of vehicle 20, the sign given by the CPU to the 55 Trie information is continually fed to the CPU 18 and 



driver of vehicle 10 will indicate as -20 mph. On the 
contrary, if speed of vehicle 20 is 20 mph more than that of 
vehicle 10, it will indicate as +120 mph as seen in FIG. 27A 
on the appropriate place such as mirrors (1), corners of the 
front window (2), surface of the dashboard (3) and etc. 
Therefore, the (+) sign indicates that the speed of vehicle 10 
relative to vehicle 20 is sufficient to allow vehicle 10 to 
change lanes. Using the system of squeeze -in will help the 
driver make an easy decision as to whether to change lanes 
or not. 

FIG. 28 illustrates another aspect of the present invention 
using the squeeze -in system. The system informs the driver 
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CPU 18 then generates control signals 81 to the danger 
warning system 86 to alert the driver of the roadway vehicle 
of the presence of other vehicles or objects in blind spots 
(dead angle) on either side and behind the vehicle and 
60 provides a warning signal on the probable danger. The CPU 
18 generates control signals 84 to the squeeze-in system 88 
to provide the driver with information concernin ^the veloc- 
ity of othejrvehicles ja adjacent lanes or intersecting lanes to 
assistive driver in determining when to safely squeeze in the 

65 lane or merge with the traffic. ThejCPU 18 generateA c^nlrpJ , ., 

signals ,.8,6je,j;he,inlelligeat.xniise control ^siss^J^^^j) 
change the^speedof me^oadway vehicle, accelerate or brake 
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the vehicle according to the speed of the obstacle. The CPU 
18 generates control signals 90 to the air bag inflation system 
91 to actuate the inflation. d„e^ bags 44 

f \ r and to the air bag inllat^^sysfem 9?7o actuate the inflation 
J<f device 16 for exlema^a ir -bags . J.4. The air bag inflation 5 
t system 91 also servesto contra J TEKFai r"bag 44 to be inflated 
! or not, in response to the rotation of the retraction roller of 
the s eaTrje lt, and for the work of the air bag 14 the system 
-7 ^TTclua tes in the minimum allowable time window at the 
/ speed more than the predetermined minimal speed settled by ^ 
/ ^avehicir experiment (e.g. 5 mpb)! 

FIG. 32 has two different views. View 32-1 illustrates that 
radar 12 of conventional device mounted on the roadway 
vehicle 10 anticipates an imminent situation but as the radar 
12 is capable of detecting odj^ speed and distance and 15 
unable to detect the moving , ffiecupn .^oTotBer vehicle 20, 
there is no way "for the radar 12 to distinguish between an 
actual collision situation and one in which a collision may be 
avoided by evasive action. 'View 32-2 shows that the vehicle 
10 equipped with radar 12 of the present invention, based on 20 
the information of speed, distance and direction of the other 
vehicle 20 and speed, direction of the vehicle 10, brings 
forth an accurate result in determination for imminent 
situation, wherein 10 is roadway vehicle, 12 represents radar 
of the present invention and 20 is other vehicle. The radar 12 25 
on the roadway vehicle 10 in View 32-2 detects speed, 
distance of 120 cm (from roadway vehicle 10 to point 24 of 
other vehicle 20) and direction of other vehicle 20 by 
extending the past track by connecting points like 23 (145 
cmx4 degree on right) and 24(20 cmxlO degree on right) to 30 
predetermine a parabola to be developed (direction can be 
made by using LI and L2), and such information is given to 
the CPU which already has information regarding speed and 
direction of the roadway vehicle 10 and the CPU calculates 
out whether collision arises or not by establishing a collision 35 
unavoidable distance according to the predetermined mini- 
mum allowable time window (e.g. 0.2 second) on the line of 
the parabola. If the parabola reaches the radar 12, a collision 
definitely arises and so the CPU orders the external air bag 
to inflate, but the inflation of the internal air bag requires 40 
such conditions as (1) relative speed to be more than the 
predetermined minimal speed p restored in the CPU, (2) 
safety belt to be fastened but length of the belt to be within 
the predetermined limit. The minimum allowable time win- 
dow (M) of the present invention as seen in FIG. 32 A covers 45 
time period during which a driver is unable to take action of 
turning steering wheel or braking to evade a collision. The 
minimum allowable time window (M) includes (1) time 
period covering from the time of returning point of the signal 
of said detection sensor unit on an obstacle which is the 50 
beginning time of the minimum allowable time window, up 
to the time when the air bag receives inflation order from 
said CPU, (2) time period covering from the time of said 
CPU orders inflation of to the air bag up to the time of the 
air bag is completely inflated, (3) time period covering from 55 
the time the air bag is completely inflated up to the time of 
a collision. No matter what type of sensor and method are 
used, the minimum allowable time window of the present 
invention is the most important one for having the air bag to 
inflate prior to a collision. 60 

FIG. 33 illustrates two vehicles' movement in an immi- 
nent situation. Vehicles 10-1 and 20-1 show that both 
vehicles are approaching each other on a collision course. In 
such situation, prior to collision, drivers generally turn the 
steering wheel to a side to evade a collision as seen in the 65 
views 10-3, 10-4 and 20-3, 20-4 of FIG. 33. Because of the 
possibility of unconsciously turning the steering wheel, no 
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one is able to accurately determine whether a collision will 
actually occur or not. But within the minimum allowable 
time window prior to collision, it is impossible for a driver 
to move his foot from the accelerating pedal to the brake 
pedal or to make a sudden turning of the steering wheel 
because of the extremely short period of time during which 
drivers are apt to lose control themselves. Therefore the 
distance taking the predetermined minimum allowable time 
(e.g. 0.2 second) to an anticipated collision point is pre- 
sumed as a collision unavoidable distance. In order for the 
CPU to make an accurate determination for the situation 
whether a collision will take place or not, the following 
information are to be provided. 

1) The information regarding the roadway vehicle 10's 
speed given by the speed detector and direction obtained by 
the direction detector of the roadway vehicle 10, 

2) The information regarding other vehicle's speed, mov- 
ing direction and distance from the roadway vehicle 
obtained through radar 12 as in 32-2 of FIG. 32. 

3) With the information of 1) and 2) above, the CPU 
determines the collision point by calculating out a collision 
unavoidable distance on the basis of the predetermined 
minimum allowable time window with information of mov- 
ing direction (parabola) of the other vehicle 20 made in the 
past time up to the starting point of the minimum allowable 
time window, as seen in View 32-2 of FIG. 32. By extending 
the parabola of the other vehicle 20, if the parabola reaches 
the roadway vehicle 10, collision will be definitely made but 
if the parabola doesn't reach the roadway vehicle 10 colli- 
sion will not occur. As another aspect of the present 
invention, the CPU 18 calculates a collision point by extend- 
ing the two parabolas of the roadway vehicle and the other 
vehicle. If the extended parabolas meet at a point, that point 
is a predicted collision point and a collision definitely arises 
when the point stays within the range of minimum allowable 
time window. 

It is to be understood that the present invention is not 
limited to the embodiments described above, but encom- 
passes any and all embodiments 'within the scope of the 
following claims. 

I claim: 

1. A collision damage minimizing system for a roadway 
vehicle comprising: 

at least one detection sensor unit mounted on the roadway 
vehicle for detecting speed, distance and direction of a 
potential obstacle, said at least one detection sensor 
unit including transmitter means for transmitting sig- 
nals and highly directional receiver means for receiving 
signals reflected by a potential obstacle and generating 
an electronic signal in response thereto; 

means for detecting speed of roadway vehicle; 

means for detecting direction of roadway vehicle; 

a computer processing unit (CPU) for receiving informa- 
tion on the speed and direction of the roadway vehicle 
and for receiving signals from said detection sensor 
unit, said CPU continuously processing the information 
and signals and calculating changes in the speed, dis- 
tance and direction of the potential obstacle with 
respect to the roadway vehicle, said CPU generating a 
control signal upon calculation of an imminent colli- 
sion situation based on a predetermined minimum 
allowable lime window, said minimum allowable time 
window defining a time period during which a driver of 
the roadway vehicle is unable to take evasive action to 
avoid the calculated imminent collision situation; and 

at least two energy absorbing inflation devices, at least 
one of said energy absorbing inflation devices being 
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responsive to said control signal, each of said energy 
absorbing inflation devices including means for pro- 
ducing inflation gas and an electronically controlled 
valve for releasing said inflation gas; 

at least one external air bag coupled to said valve of one 
of said energy absorbing inflation devices and at least 
one internal air bag coupled to said valve of the another 
of said energy absorbing inflation devices for inflation 
upon receiving said inflation gas, said external air bag 
being deflated, folded and positioned internally of the 
roadway vehicle upon inflation; whereby 

upon calculation by the CPU of the imminent collision 
situation based on the predetermined minimum allow- 
able time window, the CPU transmits the control signal 
to at least one of the energy absorbing inflation devices 
to deploy either the external air bag or the internal air 
bag, or both the external and internal air bag prior to 
time of the calculated imminent collision situation. 
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2. A collision damage minimizing system according to 
claim 1, wherein said minimum allowable time window 
includes (1) period beginning with time said signals returns 
form the potential obstacle and prior to time detection sensor 
unit receives said signals reflected by the potential obstacle 
up to the time said control signal is received by at least one 
of said energy absorbing inflation devices, (2) period said 
control signal is received by at least one of said energy 
absorbing inflation devices up to time said external or 
internal air bag is completely inflated, and (3) period said 
external or internal air bag is completely inflated up to time 
of collision. 

3. A collision damage minimizing system according to 
claim 1, wherein said detection sensor unit is selected from 
the group consisting of a radiant energy detector and a sonic 
detector. 
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ABSTRACT 
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An obstacle recognition system for automotive vehicles is 
provided whicb is designed to distinguish preceding vehicles 
from other objects and uses data thereof in intervehicle 
distance control, for example. The system includes a radar 
unit and a preceding vehicle determining circuit. The radar 
unit receives a signal produced by reflection of at least one 
of transmitted radar signals from an obstacle present in a 
given obstacle delectable zone to determine a distance to the 
obstacle and a horizontal and a vertical angle of the obstacle 
from a preselected reference direction. The preceding 
vehicle determining circuit includes a two-dimensional 
shape data producing circuit that produces two-dimensional 
shape data of the obstacle on a two-dimensional plane in a 
width -wise and a vertical direction of the system vehicle 
based on the distance and the horizontal and vertical angles 
determined by the radar unit and a non-vehicle determining 
circuit that determines the obstacle as an object other than 
the vehicle when the two-dimensional shape data of the 
obstacle lies out of an ordinary vehicle shape range. 

9 Claims, 9 Drawing Sheets 
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OBSTACLE RECOGNITION SYSTEM FOR 
AUTOMOTIVE VEHICLE 

BACKGROUND OF THE INVENTION 

1 . Technical Field of the Invention 

The present invention relates generally to an obstacle 
recognition system for use in traveling control of automotive 
vehicles, and more particularly, to an obstacle recognition- 
system capable of distinguishing vehicles present ahead of a 10 
system equipped vehicle from other objects at improved 
reliability and confidence levels. 

2. Background of Related Art 

Automotive obstacle recognition systems are known in 
the art which are designed to emit radar waves such as light 35 
waves and mil ime trie waves and receive a signal reflected 
from a detectable zone to recognize an object present ahead 
of the vehicle. As such systems, there have been proposed a 
collision alarm apparatus which measures the distance to an 
obstacle such as a preceding vehicle and issues an alarm and 20 
a cruise control apparatus which controls the speed of the 
vehicle to keep the distance to a preceding vehicle. These 
apparatuses are required to identify desired preceding 
vehicles as objects for the issuance of alarm and the cruise 
control with high accuracy. In other words, it is important to 25 
eliminate errors that obstacles on the side of a road are 
recognized as preceding vehicles. To this end, the prior art 
system distinguishes obstacles on the side of a road from 
preceding vehicles based on the fact that the obstacles are 
usually stationary and do not exist on the same lane as a 30 
controlled vehicle. Specifically, if a detected object is deter- 
mined as a stationary object based on a change in position 
of the obstacle in a width -wise direction of the controlled 
vehicle and also determined as existing out of the same lane 
as the controlled vehicle based on the position in the 35 
width-wise direction of the controlled vehicle, the possibil- 
ity that the detected object is an obstacle on either of the 
sides of a road is determined to be high. 

It is, however, difficult to distinguish obstacles on the side 
of a road from preceding vehicles accurately under a variety 40 
of circumstances. For example, when a vehicle enters a 
curve, it is possible that a road sign provided on the side of 
a road will be recognized as a stationary vehicle present 
ahead in error. Further, when a vehicle is traveling before a 
downhill road or near the end of an uphill road, billboards 45 
or road signs located above a road surface which will not be 
detected when the vehicle is traveling on a level road may 
be detected as obstacles present ahead of the vehicle. 
Conversely, when the vehicle is traveling before an uphill 
road or near the end of a downhill road, the road itself or 50 
white lines and cat's-eyes on the road surface may be viewed 
forward of the vehicle. Therefore, the road itself and the 
while lines may be recognized as preceding vehicles trav- 
eling at a constant interval away from the vehicle, while the 
cat's-eyes may be recognized as stationary vehicles, which 55 
is an inherent performance limitation of the prior art systems 
designed to detect obstacles in two-dimensional direction: 
width-wise direction and longitudinal direction of the 
vehicle using a one-dimensional scan over a given angle in 
the width-wise direction of the vehicle. 

SUMMARY OF THE INVENTION 

It is therefore a principal object of the present invention 
to avoid the disadvantages of the prior art. 65 

It is another object of the present invention to provide an 
obstacle recognition system for automotive vehicles capable 
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of recognizing obstacles present in three-dimensional direc- 
tion of a system-equipped vehicle with high reliability and 
confidence levels. 

According to one aspect of the present invention, there is 
provided an obstacle recognition system for vehicles which_ 
comprises: (a) a radar upiUhM.traiismitsjrad ar.sieDals. Qvcr 
a given obstacle de tectab je__ zo ne jg nginp a preselected^ 

with this system, the radar unit receiving a signal produced 
by reflection of at least one of the transmitted radar signals 
from an obstacle p resent inUh£*giyxn.-phsJacJe^^e.ciable . 
zone to determine a d^tancjc..ipj^^bsjt^cle jnd a horizontal 
and a vertical angle of the obstacle from a preselected 
tflGrejice.direction; and (b) a vehicle determining means that 
determines whether the obstacle tracked by the radar_uruX|s^. 
a vehicle or another object. The vehicle determining means 
includes (a) a hdght determining means that determines a i4 
height of a given portion ^ 

distance andjhe horizontal and vertical angles determined 
byltie "radar unit and (b) a non-vehicle determining means 
that determines the obstacle as an object other than the 
ve hicle wh en the height of the given £oruon_ofjhe-obsxack.~ 
determ in ecTTIjjffi - 
given height range at least one time within a predetermined 
period "of Urn e~. "* * * " " ------ 

In the preferred mode of the invention, the vehicle deter- 
mining means also includes oracle movemen t determining 
means for monitoring movement oTTEe trac!ce13^BsTacIe*to 
determine whether the obstacle is a moving object or a 
staiionarjLobject. The non-vehicle determining means deter- 
mines the obstacle as the object other than the vehicle when 
it is determined by the vehicle determining means that the 
obstacle is the stationary object and when the height of the 
given portion of the obstacle falls within the given height 
range at least one time within the predetermined period of 
time. 

According to another aspect of the present invention, 
there is provided an obstacle recognition system for vehicles 
which comprises: (a) a radar unit that transmits radar signals 
over a given obstacle delectable zone ranging a preselected 
width- wise and a vertical angle of a system vehicle equipped 
with this system, the radar unit receiving a signal produced 
by reflection of at least one of the transmitted radar signals 
from an obstacle present in the given obstacle detectable 
zone to determine a distance to the obstacle and a horizontal 
and a vertical angle of the obstacle from a preselected 
reference direction; and (b) a vehicle determining means that 
determines whether the obstacle tracked by the radar unit is 
a vehicle or another object. The vehicle determining means 
includes (a) a two-dimensional shape data producing means 
that produces two-dimensional shape data of the obstacle on 
a two-dimensional plane in a width-wise and a vertical 
direction of the system vehicle based on the distance and the 
horizontal and vertical angles determined by the radar unit 
and (b) a non-vehicle determining means that determines the 
obstacle as an object other than the vehicle when the 
two-dimensional shape data of the obstacle produced by the 
two-dimensional shape data determining means lies out of 
an ordinary vehicle shape range. 

In the preferred mode of the invention, the non-vehicle 
determining means determines the obstacle as the object 
other than the vehicle when a width ratio of a width of an 
upper portion to a width of a lower portion of the obstacle 
on the two-dimensional plane lies out of a given width ratio 
range. The non -vehicle determining means also determines 
the obstacle as the object other than the vehicle when a ratio 
of aJieig hUo a width s of the~okstftete-on the two-di mensional 
plane lies outof a given height-to-width ratio range. 
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The non-vehicle determining means further determines 
the obstacle as the object other than the vehicle when a 
maximum width of the obstacle is lies out of a given 
maximum vehicle width range. 

The vehicle determining means also includes an obstacle 
movement determining means that monitors movement of 
the tracked obstacle to determine whether the obstacle is a 
moving object or a stationary object. The non-vehicle deter- 
mining means determines the obstacle as the object other 
than the vehicle when it is determined by the vehicle 
determining means that the obstacle is the stationary object 
and when the width ratio lies out of a given width ratio range 
or when the ratio o£ihe-he4ghtjp. l lbe~ width, of the obstacle 
on the two-dimensional plane lies out of a given height-to- 
width ratio range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from 
the detailed description given hereinbelow and from the 
accompanying drawings of the preferred embodiment of the 
invention, which, however, should not be taken to limit the 
invention to the specific embodiment but are for explanation 
and understanding only. 

In the drawings: 

FIG. 1 is a block diagram which shows an automotive 
collision avoidance system in which an obstacle recognition 
system of the invention is installed; 

FIG. 2 is a block diagram which shows a circuit arrange- 
ment of a control unit of a collision avoidance system; 

FIG. 3 is a perspective view which shows an obstacle 
detectable zone scanned by a radar unit; 

FIG. 4 is a flowchart of a program performed by an 
obstacle recognition system; 

FIG. 5 is a flowchart of a program to exclude non-vehicle 
objects from obstacles tracked by a radar unit; 

FIG. 6 is a flowchart of a first non-preceding vehicle 
excluding sub-program executed in the program of FIG. 5; 

FIG. 7 is a flowchart of a second non-preceding vehicle 
excluding sub-program executed in the program of FIG. 5; 

FIGS. 8(a), 8(6), 8(c), and 8(d) show ordinary roadside 
road signs; 

FIGS. 9(a), 9(b) y 9(c), 9(d), 9(e), and 9(f) show ordinary 
overhung road signs; and 

FIGS. 10(a), 10(b), and 10(c) show road signs bridging 
over the roadway. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An obstacle recognition system of the invention will be 
described below with reference to the drawings, taking an 
automotive collision avoidance system as an example. 

FIG. 1 shows the automotive collision avoidance system 
1 which is designed to track obstacles pres ent ahead of an 
automotive vehicle equipped w with"THis"sysTem (hereinafter, 
referred to as a system vehicle) for raising an alarm to 
inform a vehicle operator of the possibility of collision when 
a distance betwMD v 'the"otetacie and l£e system "veEcle 
reaches a warning distance and to control the speed of the 
system vehicle so as to follow a selected preceding vehicle 
at a constant intervehicle distance. 

The automotive collision avoidance system 1 includes a 

^control uml^- provided with a mjcrnrnmpiiter, ^ jnpm/ 

output interface circuit, driving circuits, 'and detection cir- 
cuits which can be of .any_ known arrangements, and expla- 
nation thereof in detail will be omitted here. 
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The_control unit 3 receives detection signals outputted 
from a distance/azimuth measuring device 5, a speed sensor 
7,-a brake. switch 9, and a throttle opening sensor' 11, and 
provides control signals to an alarm sound generator 13, a 
5 distance display 15, a sensor malfunction display 17, a brake 
actuator 19, a throttle actuator 21, and an automatic trans- 
mission control unit 23. 

The automotive collision avoidance system 1 further 
includes an alarm volume selector 24, an alarm sensitivity 
10 selector 25, a power switch 29, a _cj^iisiLxyj5lrQL3 wj< ; ch 26, 
a steering sensor 27, and a yaw. rate. sensor. 28. .The alarm 
volume selectoF*24 is designed to manually adjust_the_ 
volume on the alarm sound generator 13. The alarm'sensi- 
tivity selector 25 is designed to manually adjust the sensi- 
15 tivity of an alarm decision operation. The power switch 29 
is designed to be turned on manually or in response to 
activation of an ignition switch to supply the power toihe 
control unit 3. The cruise control switch 26 is designed to 
Manually turn on the cruise control. The steering sensor 27 
20 measures a steered angle of a steering wheel of the system 
vehicle and provides a signal indicative thereof to the 
control unit 3. The yaw rate sensor 28 measures a yaw rate 
of the vehicle body and provides a signal indicative thereof 

tO the mptrnl nnilJV 

25 The distance/azimuth measuring device 5 is implemented - .\ 
with a^radlar^nit which includes a transceiver 31 and a 
distance/angle^a 1 ?!^^^^ circuit 33. The transceiver 31 is 
provided wjt^^s^anjier which transmits a laser beam in 
cycles in horizontal and vertical directions of the system 
30 vehicle to scan a forward detectable range defined by given 
horizontal and vertical angles and receives a beam reflected 
from an object or target present ahead of the system vehicle. 
The distance/ang le ^ determ ining circuit 33 deterrmnes^^^,,^ 
relative speed between the'system vehicirTncl'uSeTa^j^,^. 
35 distance to 1EeTa?^f^aS 

the "length of time . between the transmission -of the* -laser, 
beam and reception thereof. An example of a scan pattern of 
the laser beam emitted by the transceiver 31 is shown in FIG. 
3. Each hatched portions 82 indicates a cross section of the 
40 laser beam emitted over the delectable range 81. The laser 
beam may alternatively be oval or rectangular in cross 
section. The distance/azimuth measuring device 5 can be of 
any arrangement other than a scanner capable of measuring 
the distance to a target in two-dimensional direction and may 
45 use a microwave or a supersonic wave. 

In FIG. 3, if the central optical axis of the transceiver 31 
is defined as Z-axis, an X-Y area or detectable zone 81 
defined perpendicular to the Z-axis is scanned. In this 
embodiment, X-axis indicates the direction in which scan- 
so oing lines extend horizontally, while Y-axis indicates an 
elevation of the detectable zone 81. The X-Y area is defined 
by 0.15°xl05 laser pulses- 16° in the X-axis direction and 
0.7° x6 scanning lines«4°. The scan is performed from left to 
right and from top to bottom of the detectable zone 81. In 
55 practice, laser pulses are first scanned along the uppermost 
scanning line in the X-axis direction. Upon reaching the 
right end of the uppermost scanning line, the laser pulses are 
next scanned along the second scanning line immediately 
below the uppermost scanning line. In this way, the scans are 
60 performed up to the sixth scanning line to derive 105 laser 
pulsesx6 scanning lines»630 data components in the trans- 
ceiver 31. In FIG. 3, the fourth scanning is located flush with 
the vehicle (i.e., the central optical axis of the distance/ 
azimuth measuring device 5). 
65 The distance/angle determining circuit 33 receives the 
630 components from the transceiver 31 to provide data 
signals indicative of horizontal and vertical scanning angles 
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9x and 6y and the distance r to a tracked object. The 
horizontal angle 6x is the angle which a line of an output 
laser beam projected onto the X-Z plane makes with the 
Z-axis. The vertical scanning angle 6y is the angle which the 
output laser beam makes with the X-Z plane. 

The control unit 3 is responsive to the data sign als -from . 
ie-dista£c£/azimuth'lneasffi 5 to determine if a 

tracked obstacle such as a vehicle traveling ahead of the 
system vehicle, a parked vehicle, a guard rail, or a pole 
installed on the side of a road lies within an warning zone for 
a preselected period of time or not. If so, the control unit 3 
concludes that there is a high possibility of collision, and 
raises an alarm to the vehicle operator through the alarm 
sound generator 13. In addition, the control unit 3 may 
erform cruise control that controls the brake actuator 19, 
he throttle actuator 21, and/or the automatic transmission 
ontrol unit 23 to regulate the speed of the system vehicle 
Recording to the status of the tracked obstacle. 
| The control unit 3, as shown in FIG. 2, includes a 
spherical-to-rectangular coordinate transformation circuit 
41, a sensor malfunction determining circuit 44, an object 
recognition circuit 43, a speed determining circuit 47, a 
steered angle determining circuit 49, a yaw rate determining 
circuit 51, a radius-of-curvature determining circuit 63, a 
preceding vehicle decision circuit 53, and an alarm/cruise 
determining circuit 55. 

The spherical-to-rectangular coordinate transformation 
circuit 41 receives from the distance measuring scanner 5 
data on the horizontal and vertical scanning angles 9x and 9y 
and the distance r to a tracked object and transfers it to a 
point in an X-Y-Z rectangular coordinate system whose 
origin (0, 0, 0) is defined on the system vehicle. The sensor 
malfunction determining circuit 44 determines whether val- 
ues transferred in the X-Y-Z coordinate system represent 
normal values or not, and provides a signal indicative 
thereof to the sensor malfunction display 17. 

The object recognition circuit 43 determines the type of a 
tracked obstacle, coordinates (x, y, z) of central position of 
the obstacle, the size data (W, D, H) on the obstacle, and the 
shape data on the obstacle based on the speed V of the 
system vehicle, the relative speed between the system 
vehicle and the obstacle, and the x-, y-, and z-coordinates 
determined by the spherical-to-rectangular coordinate trans- 
formation circuit 41. The determination of the type of the 
obstacle is made to determine whether the obstacle is a 
moving object or a stationary one based on the vehicle speed 
V and the relative speed. When a plurality of obstacles are 
detected, ones which will disturb traveling of the system 
vehicle are selected, and distances to the selected obstacles 
are indicated through the distance display 15. The size data 
(W, D, H) indicates the length of sides of a minimum 
rectangular parallelepiped containing therein the obstacle 
geometrically (i.e., width, depth, and height of the rectan- 
gular parallelepiped). The shape data indicates parameters 
other than the size data (W, D, H), for example, an upper 
width Wu and a lower width Wd of the obstacle on the X-Y 
coordinate plane. 

The speed determining circuit 47 is responsive to a signal 
from the speed sensor 7 to determine the speed Vn of the 
system vehicle and provides a signal indicative thereof to the 
object recognition circuit 43. The object recognition circuit 
43 monitors a variation in central position of the tracked 
obstacle per unit time to determine the relative speed 
between the system vehicle and the obstacle based on the 
vehicle speed Vn determined by the speed determining 
circuit 47. The relative speed is represented by the vector 
sum of x-, y-, and x-axis components (Vx, Vy, Vz). 
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The steered angle determining circuit 47 determines the 
steered angle of the steering wheel of the system vehicle 
based on an output from the steering sensor 27 and provides 
a signal indicative thereof to the radius-of-curvature deter- 
mining circuit 63. The yaw rate determining circuit 51 
determines the yaw rate of the system vehicle based on an 
output from the yaw rate sensor 28 and provides a signal 
indicative thereof to the radius-of-curvature determining 
circuit 63. 

The radius-of-curvature determining circuit 63 uses the 
vehicle speed Vn determined by the vehicle speed deter- 
mining circuit 47, the steered angle determined by the 
steered angle determining circuit 49, and the yaw rate 
determined by the yaw rate determining circuit 51 to cal- 
culate the radius of curvature R of a road on which the 
system vehicle is traveling. The preceding vehicle decision 
circuit 53 determines whether the tracked obstacle Ls a 
preceding vehicle traveling ahead of the system vehicle on 
the same traffic lane or not based on the radius of curvature 
R, the type of the obstacle, the coordinates (x, y, z) of the 
central position of the obstacle, the size data (W, D, H), the 
relative speed components (Vx, Vy, Vz) and determines the 
distance Z to and relative speed Vz of the obstacle if 
determined as a preceding vehicle. 

The alarm/cruise determining circuit 55 determines in an 
alarm mode whether an alarm is to be raised or not or 
determines in a cruise mode the contents of speed control 
based on the distance Z to the preceding vehicle, the relative 
speed Vz, the vehicle speed Vn, the acceleration of the 
preceding vehicle, a brake pedal effort detected by the brake 
switch 9, an opening degree of the throttle sensed by the 
throttle opening sensor 11, a value of sensitivity set by the 
alarm sensitivity selector 25. When it has been concluded 
that an alarm needs to be raised, the alarm/cruise determin- 
ing circuit 55 provides an alarm generating signal to the 
alarm sound generator 13. Alternatively, the alarm/cruise 
determining circuit 55, in the cruise mode, provides control 
signals to the automatic transmission control unit 23, the 
brake actuator 19, and the throttle actuator 21 to perform 
given cruise control. 

FIG. 4 shows a flowchart of an object recognition pro- 
gram performed by the control unit 3 in the so-called 
intervehicle distance control for determining whether a 
tracked object is a preceding vehicle traveling on the same 
traffic lane as that of the system vehicle or not. 

After entering the program, the routine proceeds to step 
10 wherein using 630 data components (-105 laser pulsesx6 
scanning lines) derived in the receiver 31 of the distance/ 
azimuth measuring device 5 by scanning the detectable zone 
81 defined by a horizontal angle of 16° («0.15°xl05 laser 
pulses) and a vertical angle of 4°(-0.7°x6 scanning lines), 
the distance/angle determining circuit 33 provides data 
signals indicative of horizontal and vertical scanning angles 
8x and 6y and the distance r to a tracked obstacle which are, 
in turn, transformed by the spherical-to-rectangular coordi- 
nate transformation circuit 41 into coordinates (x, y, z) in the 
rectangular X-Y-Z coordinate system. The object recogni- 
tion circuit 43 uses the coordinate data inputted from the 
spherical-to-rectangular coordinate transformation circuit 
41 to determine the type of the obstacle, the coordinates (x, 
y, z) of central position of the obstacle, the size data CV, D, 
H), the shape data, and the relative speed components (Vx, 
Vy, Vz) of the obstacle. The relative speed components (Vx, 
Vy, Vz) are, as described above, derived based on variations 
in coordinates (x, y, z) of central position of the obstacle per 
unit time, respectively. For the type of the obstacle, if the 
system vehicle is traveling, but a relative position of the 
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obstacle (i.e., the relative speed of the obstacle) hardly m or not. If a NO answer is obtained, then the routine 

changes, then the obstacle is identified as a moving object. proceeds to step 130 wherein it is determined whether the 

Additionally, if the obstacle is moving away from the system central height of the obstacle is nearly 0 m or not. If a YES 

vehicle, that is, the relative speed of the obstacle is answer is obtained in either of steps 120 and 130, then the 
increasing, then the obstacle is also identified as a moving 5 routine proceeds to step 200 wherein it is determined 

object. If the relative position of the obstacle is approaching whether the obstacle has already been determined as a 

the system vehicle at the speed equal in absolute value to the preceding vehicle in step 20 in FIG. 4 or not. If a YES 

vehicle speed Vn of the system vehicle, then the obstacle is ai f wer * obtained^ then the routine proceeds to step 210 

identified as a stationary object. wherein the determination in step 20 is corrected, and the 

m , ^ A , , rt obstacle is recognized as a non-preceding vehicle. The 

The routine proceeds to step 20 wherein it is determined 10 rout j De lDcn terminates 

whether the obstacle is a preceding vehicle or not in the The cemnd faei fal of ^ obsUck {Q ^ ^ m delenni _ 

following manner. First, the radius of curvature R of a road DalioQS m steps 120 and 130 i& lilted based on lhe 

on which the system vehicle is now traveling is determined coordinates (x, y, z) of the central position of the obstacle 

in the radius-of curvature determining circuit 63. A same derived in the object recognition circuit 43. The reason that 
lane probability that the obstacle determined in step 10 15 ^ obstacle is determined as a non-preceding vehicle when 

exists in the same traffic lane as the system vehicle is the central height of the obstacle is greater than 4.0 m or 

determined using the radius of curvature R and the position nearly equal to 0 m is because the central heights of typical 

of the obstacle on the X-Z plane in FIG. 3. VV^^jrpluj^lit^^ vehicles are hardly equal to 0 m or greater than 4.0 m. 

of obstacles arejde^cted by.the o^istance/azirnutlj, njeasunng Specifically, in Japan, typical trucks or trailers have a 
— clrcuir^^^same lan£^oba^b^t^df^elcb. obstacle 

is^o maximum height of 3.8 m, and the bottom of vehicles is 
determined. Next, from among the Obstacles having the"* spaced apart from a road surface by several centimeters. It 
same lane probabilities of more than a preselected value, a thus, possible to determine the obstacle as a non- 
target preceding vehicle(s) is selected. The determination of preceding vehicle when the central height thereof is greater 
the same lane probability and selection of theja_rget.p.reced- lhan 4 0 m or nearl y e <J ual t0 0 m - 

ing vehicle may be made in a mannefas'taught in U.S. PaL 25 If a NO answer is obtained in step 130 meaning that the 

No. 5,710,565 (corresponding to German Patent Application central height of the obstacle lies within a range from 0 to 

laid open on Oct. 10, 1996 under DE196 14 061 Al), issued 4 0 m ' then me routine proceeds to step 140 to refer to height 

on Jan. 20, 1998, assigned to the same assignee as that of this dala on samc obstacle derived in Previous program 

application, disclosure of which is incorporated herein by execution cycles. This is because when the system vehicle is 

reference. 30 traveun S before a downhill road or near the end of an uphill 

-n. . " • . ™ . ...... road, overhead billboards or road signs located 4 m above a 

The determination in step 20 has a possibility that some rA . flirf(i/1B „,u-~u ~u u . w 7 i a u .u a- . / 

,. r , .u j • j . j road surface, which should not be tracked by the distance/ 

Don.preeed.ng vehicle _on or above .be road .s detennmed as ffle ^ J 

.preceding vehicle. For example a road itself or objects ^ on a ^ road wiu be ^ * 

disposed on or above a lane on which the system vehicle is , . , .. 

. ,. u j- 35 system vehicle and recognized as preceding vehicles in 

now traveling such as road signs, overpasses, white lines, ^ * c.—u. . u- t • . 7- u / 

, 6 ... r. • « « error. Further, when the system vehicle is traveling before an 

and cat's eyes on a white lme may be determined as ^urn ™j ' m #u a e a u» a .u a -, ir 

u- i ■ e. m j- .1 i_ i uphill road or near the end of a downhill road, the road itself, 

preceding vehicles in error. Step 30, as discussed below, K.. . . „ . . * . , . ' 

i a u u* . c . ; , . , ,. ' white hnes on the road, or cat's eyes mounted on the white 

excludes such objects from targets determined as preceding i™„,:n„ M - c ♦ r.u . u* * a • j 

vehicles hne will appear m front of the system vehicle and recognized 

40 as preceding vehicles in error. Therefore, such erroneous 

Upon entenng step 30, the routine proceeds to step 100 in recognition is corrected using the previous height data as 

FIG. 5 to execute a first non-preceding vehicle excluding discussed below 

sub-program to exclude non-preceding vehicles from all In 140 [{ fa delermiDed whether ^ obstacle contin . 

obstacles tracked by the distance/azimuth measuring device ues t0 oc for one or nol If a NQ answer is 

5 m terms of the height of tracked obstacles. After the 45 obtained, then the routine terminates. Alternatively, if a YES 

non-preceding vehicles are excluded from the obstacles in answer fc oblajned ^ tfae rouline ^ J ^ 

step 100, the rouune proceeds to step 300 to execute a WDerein it fc dclermilied wbelher toe^tral height of the 

second non-preceding vehic e excluding sub-program to obslade when 0Qe second before fa te ^ lhan 4 0 

exclude non-precedmg vehicles from all obstacles tracked m or nol , f a NO answef fe oblained ^ ^ ^ 

by the ojstance/azimuth measuring device 5 in terms of the 5Q proceeds t0 s 160 wherem u ^ determined wnether thc 

shape of the tracked obstacle. central heigfal of ^ obsUde when qdc second 

FIG. 6 shows the first non-preceding vehicle excluding before is nearly equal to 0 m or not. If a YES answer is 

program. obtained in either of steps 150 and 160, then the rouune 

First, in step 110, it is determined whether each tracked proceeds to step 200. 

obstacle is at rest or not based on the decision in step 10 in 55 If a NO answer is obtained in step 160, then the routine 

FIG. 4. This determination is based on the fact that most of proceeds to step 170 wherein it is determined whether the 

obstacles determined as preceding vehicles in error are obstacle continues to be tracked for two seconds or not. If a 

usually stationary objects located on or above the road. If a YES answer is obtained, then the routine proceeds to step 

NO answer is obtained meaning that the obstacle is moving, 180 wherein it is determined whether the central height of 

that is, that the preceding vehicle is traveling, then the 60 the obstacle when tracked two seconds before is greater than 

rouune terminates without executing step 120 and later 4.0 m or not. If a NO answer is obtained, then the routine 

steps. This prevents a traveling preceding vehicle from being proceeds to step 190 wherein it is determined whether the 

determined as a non-preceding vehicle in error at the begin- central height of the obstacle when tracked two seconds 

ning and end of a slope, for example. Alternatively, if a YES before is nearly equal to 0 m or not. If a NO answer is 

answer is obtained in step 110, then the routine proceeds to 65 obtained, then the routine terminates. Alternatively, if a YES 

step 120 wherein it is determined whether the height of the answer is obtained in either of steps 180 and 190, then the 

center of the obstacle from a road surface is greater than 4.0 routine proceeds to step 200. 
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After termination of the sub-program in FIG. 4, the 
routine proceeds to step 300 in FIG. 5. The sub-program in 
step 300 is performed for all the tracked obstacles. 

First, in step 310, it is determined whether the tracked 
obstacle is at rest or not based on the decision in step 10 in s 
FIG. 4. If a NO answer is obtained, then the routine 
terminates. Alternatively, if a YES answer is obtained, then 
the routine proceeds to step 320 wherein it is determined 
whether a ratio (Wu/Wd) of the upper width Wu of an upper 
end of the obstacle on the X-Y plane in FIG. 3 to the lower 10 
width Wd of a lower end thereof is greater than three (3) or 
not. If a NO answer is obtained, then the routine proceeds to 
step 330 wherein it is determined whether a ratio (H/W) of 
the height H to the width W of the obstacle is greater than 
three (3) or not. If a NO answer is obtained, then the routine 15 
proceeds to step 340 wherein it is determined whether a 
maximum width W of the obstacle is greater than 3.5 m or 
not. If a NO answer is obtained, then the routine terminates. 
Alternatively, if a YES answer is obtained in any of steps 
320, 330, and 340, then the routine proceeds to step 350 20 
wherein it is determined whether the obstacle has already 
been determined as a preceding vehicle in step 20 in FIG. 4 
or not. If a YES answer is obtained, then the routine 
proceeds to step 360 wherein the determination in step 20 is 
corrected, and the obstacle is recognized as a non-preceding 2 s 
vehicle. The routine then terminates. 

The determinations in steps 320, 330, and 340 are, as can 
be seen from the above, made for determining whether the 
shape of the obstacle falls within a range of shapes of 
ordinary vehicles or not. The reason that when it is deter- 30 
mined in step 320 that the width ratio (Wu/Wd) is greater 
than 3, the obstacle is recognized as a preceding vehicle is 
as follows. Usually, road signs are, as shown in FIGS. 8(a) 
to 8(d) and FIGS. 9(a) to 9(/), installed on upper ends of 
support poles and have, in most cases, the width ratio 35 
(Wu/Wd) of 3 or more which ordinary automotive vehicles 
never have. The use of the width ratio (Wu/Wd) in deter- 
mination in step 320, thus, allows ordinary automotive 
vehicles to be distinguished from non-vehicle objects such 
as road signs. 4Q 

The reason that when it is determined in step 330 that the 
height-to-width ratio (H/W) is greater than 3, the obstacle is 
recognized as a preceding vehicle is as follows. Most of the 
road signs, as shown in FIGS. 8(a) to 8(d) and FIGS. 9(a) 
to 9(f) f have a height of 2 to 3 m or more, but the width 45 
thereof is usually small, so that the height-to-width ratio 
(H/W) will be greater than 3. For example, the inverse 
L -shaped overhung road signs, as shown in FIGS. 9(a) and 
9(b), and the L-shaped overhung road sign, as shown in FIG. 
9(c), are usually located 5 m above a road surface for 50 
avoiding interference with vehicles traveling on the road- 
way. Thus, even when the width of the road signs is, for 
example, 1 m, the height-to-width ratio (H/W) will be 5 
which is greater than 3 and which ordinary automotive 
vehicles never have. The use of the height -to- width ratio 55 
(H/W) in determination in step 330, thus, allows ordinary 
automotive vehicles to be distinguished from non-vehicle 
objects such as road signs. 

Most of ordinary road signs can be distinguished from the 
automotive vehicles by either of the determinations in steps 60 
320 and 330, but this embodiment uses the two determina- 
tions in steps 320 and 330 to improve the accuracy of 
discrimination between the automotive vehicles and non- 
vehicle objects. For example, the T-shaped road signs, as 
shown in FIGS. 9(e) and 9(f), have a height-to- width of close 65 
to one (1) and difficult to distinguish from the automotive 
vehicle only in the determination in step 330, but it have an 
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upper-to-lower width ratio (Wu/Wd) of 3 or more and can be 
distinguished from the automotive vehicle by use of the 
determination in step 320. 

The reason that when it is determined in step 340 that the 
width W is greater than 5 m, the obstacle is recognized as a 
preceding vehicle is as follows. Special road signs such as 
ones, as shown in FIGS. 10(a) and 10(6), mounted on 
support poles bridging over the roadway and, as shown in 
FIG. 10(c), attached to a side wall of a pedestrian bridge 
have a height-to -width ratio (H/W) of less than one (1). For 
the upper-to-lower width ratio (Wu/Wd), it is difficult to 
determine which part of the road sign is a lower width, thus 
resulting in a negative answer in either of steps 320 and 330. 
Further, for the T-shaped road signs shown in FIGS. 9(e) and 
9(f), only upper portions hanging over the roadway may be 
recognized as obstacles. In this case, they are difficult to 
exclude from the targets as determined as preceding vehicles 
in the determinations in steps 320 and 330. For these 
reasons, step 340 is executed to compare the width of the 
obstacle with a reference value (3.5 m) which ordinary 
automotive vehicles never have to recognize the obstacle as 
a non-preceding vehicle if a maximum width thereof is 
greater than the reference value. For example, the road signs, 
as shown in FIGS. 10(a), 10(6), and 10(c), have maximum 
widths which exceed the width of one traffic lane and which 
is greater than 3.5 m. 

While the present invention has been disclosed in terms of 
the preferred embodiment in order to facilitate a better 
understanding thereof, it should be appreciated that the 
invention can be embodied in various ways without depart- 
ing from the principle of the invention. Therefore, the 
invention should be understood to include all possible 
embodiments and modification to the shown embodiments 
which can be embodied without departing from the principle 
of the invention as set forth in the appended claims. For 
example, criteria of the width ratio (Wu/Wd) and the height- 
to width ratio (H/W) used in determinations in steps 320 and 
330 are not always limited to three (3) and may alternatively 
be 2.5. Specifically, the criteria of the width ratio (Wu/Wd) 
and the height-to width ratio (H/W) may be any values 
which ordinary automotive vehicles never have. Further, 
after step 190 in FIG. 6, a step which uses height data 
derived three or four seconds earlier may also be provided 
to improve the accuracy of non-vehicle determination in 
steps 200 and 210. The use of old height data, however, 
makes it difficult to identify targets. The use of height data 
derived up to two seconds earlier is found experimentally to 
be preferable. 

What is claimed is: 

1. An obstacle recognition system for vehicles compris- 
ing: 

a radar unit that transmits radar signals over a given 
obstacle detectable zone ranging a preselected width- 
wise and a vertical angle of a system vehicle equipped 
with this system, said radar unit receiving a signal 
produced by reflection of at least one of the transmitted 
radar signals from an obstacle present in the given 
obstacle detectable zone to determine a distance to the 
obstacle and a horizontal and a vertical angle of the 
obstacle from a preselected reference direction; and 

vehicle determining means for determining whether the 
obstacle tracked by said radar unit is a vehicle or 
another object, said vehicle determining means includ- 
ing 

height determining means for determining a height of a 
given portion of the obstacle based on the distance 
and the horizontal and vertical angles determined by 
said radar unit, and 
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non-vehicle determining means for determining the 
obstacle as an object other than the vehicle when the 
height of the given portion of the obstacle deter- 
mined by said height determining means falls within 
a given height range at least one time within a s 
predetermined period of time. 

2. An obstacle recognition system as set forth in claim 1, 
wherein said vehicle determining means also includes 
obstacle movement determining means for monitoring 
movement of the tracked obstacle to determine whether the 10 
obstacle is a moving object or a stationary object, and 
wherein said non-vehicle determining means determines the 
obstacle as the object other than the vehicle when it is 
determined by said vehicle determining means that the 
obstacle is the stationary object and when the height of the 15 
given portion of the obstacle falls within the given height 
range at least one time within the predetermined period of 
time. 

3. An obstacle recognition system for vehicles compris- 
ing: 20 

a radar unit that transmits radar signals over a given 
obstacle detectable zone ranging a preselected width- 
wise and a vertical angle of a system vehicle equipped 
with this system, said radar unit receiving a signal 
produced by. reflection of at least one of the transmitted 25 
radar signals from an obstacle present in the given 
obstacle detectable zone to determine a distance to the 
obstacle and a horizontal and a vertical angle of the 
obstacle from a preselected reference direction; and 

vehicle determining means for determining whether the 30 
obstacle tracked by said radar unit is a vehicle or 
another object, said vehicle determining means includ- 
ing 

two-dimensional shape data producing means for pro- 
ducing two-dimensional shape data of the obstacle 35 
on a two-dimensional plane in a width-wise and a 
vertical direction of the system vehicle based on the 
distance and the horizontal and vertical angles deter- 
mined by said radar unit, and 

non-vehicle determining means for determining the 40 
obstacle as an object other than the vehicle when the 
two-dimensional shape data of the obstacle produced 
by said two-dimensional shape data determining 
means lies out of an ordinary vehicle shape range. 



4. An obstacle recognition system as set forth in claim 3, 
wherein the two-dimensional shape data is a width ratio of 
a width of an upper portion to a width of a lower portion of 
the obstacle on the two-dimensional plane. 

5. An obstacle recognition system as set forth in claim 4, 
wherein said vehicle determining means also includes 
obstacle movement determining means for monitoring 
movement of the tracked obstacle to determine whether the 
obstacle is a moving object or a stationary object, and 
wherein said non-vehicle determining means determines the 
obstacle as the object other than the vehicle when it is 
determined by said vehicle determining means that the 
obstacle is the stationary object and when the width ratio lies 
out of a given width ratio range. 

6. An obstacle recognition system as set forth in claim 3, 
wherein the two-dimensional shape data is a ratio of a height 
to a width of the obstacle on the two-dimensional plane. 

7. An obstacle recognition system as set forth in claim 6, 
wherein said vehicle determining means also includes 
obstacle movement determining means for monitoring 
movement of the tracked obstacle to determine whether the 
obstacle is a moving object or a stationary object, and 
wherein said non-vehicle determining means also deter- 
mines the obstacle as the object other than the vehicle when 
it is determined by said vehicle determining means that the 
obstacle is the stationary object and when the ratio of the 
height to the width of the obstacle on the two-dimensional 
plane lies out of a given height-to-width ratio range. 

8. An obstacle recognition system as set forth in claim 3, 
wherein said non-vehicle determining means determines the 
obstacle as the object other than the vehicle when a width 
ratio of a width of an upper portion to a width of a lower 
portion of the obstacle on the two-dimensional plane lies out 
of a given width ratio range, and wherein said non-vehicle 
determining means also determines the obstacle as the object 
other than the vehicle when a ratio of a height to a width of 
the obstacle on the two-dimensional plane lies out of a given 
height-to-width ratio range. 

9. An obstacle recognition system as set forth in claim 3, 
wherein said non-vehicle determining means further deter- 
mines the obstacle as the object other than the vehicle when 
a maximum width of the obstacle is lies out of a given 
maximum vehicle width range. 
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ABSTRACT 



A collision preventing apparatus of a vehicle for preventing 
a collision with a preceding vehicle running ahead of the 
vehicle has an image processor and a computer for calcu- 
lating inter- vehicle distance, an inter-vehicle distance 
between the vehicle and the preceding vehicle, and a safe- 
inter vehicle distance between the vehicle and the preceding 
vehicle while observing a third vehicle running ahead of the 
preceding vehicle, judging a hazard of collision with the 
preceding vehicle based on the inter-vehicle distance and the 
safe inter-vehicle distance, and warning a driver of the 
hazard. Since the vehicle having the collision preventing 
apparatus runs calculating the inter-vehicle distance in con- 
junction with the third vehicle, a collision with the preceding 
vehicle can be prevented, even when a driver of the preced- 
ing vehicle applies an emergency brake to avoid a collision 
with the third vehicle running ahead of the preceding 
vehicle. 

3 Claims, 6 Drawing Sheets 
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VEHICLE COLLISION PREVENTING vehicle and the preceding vehicle in conjunction wiih 

APPARATUS an inter-vehicle distance between the self vehicle and 

n.^n^,^ ^^,,r ,vn^rr,AK, & c tnird vehicle running ahead of the preceding 

BACKGROUND OF THE INVENTION vehicle; and 

1. Field of the Invention 5 hazard judging means for judging a hazard of collision 
The present invention relates to a vehicle collision pre- with the preceding vehicle based on the inter-vehicle 

venting apparatus in which an obstacle is detected in a distance and the safe inter-vehicle distance, 

traveling direction of the vehicle and a judgment is made as noivv nccrDTDTinM nc -rue n D au/im^c 

to whether or not an own vehicle collides against the BRIEF DESCRIPTION OF THE DRAWINGS 

obstacle. 10 Preferred embodiments will be described with reference 

2. Prior Art 10 accompanying drawings in which: 

Recently, various approaches for safe driving have been FIG- 1 is a schematic view of a collision preventing 

attempted. One of these approaches is the development of an apparatus according to a first embodiment of the present 

ASV (Advanced Safety Vehicle). The ASV includes tech- invention; 

niques such as issuing alarm to a vehicle driver, stopping a 15 FIG. 2 is a block diagram of a collision preventing 

vehicle by braking automatically, changing vehicle speeds apparatus according to a first embodiment of the present 

automatically so as to maintain a proper inter-vehicle dis- invention; 

tance and the like by detecung obstacles ahead of the vehicle FIG. 3 is a flowchart showing a flow of control of a 

with TV cameras or laser beam-radar apparatus and the like collision preventing apparatus according to a first embodi- 

and judging a possibility of collision with the obstacles. 20 m ent r r *.he present invention; 

As an example of this kind of technology, Journal of The FIG. 4 is an explanatory view indicating a relationship 

Society of Automotive Engineers of Japan Vol. 43, No. 2, between a self vehicle and a preceding vehicle and a 

1989, an article "Rear-end Collision Warning System using relationship between a self vehicle and a next preceding 

Laser for Heavy-duty Trucks" discloses a technology in ^ vehicle; 

which a vehicle speed of the preceding vehicle and a relative FIG. 5 is a flowchart showing a flow of control of a 

vehicle speed of the subject vehicle with respect to the collision preventing apparatus according to a second 

preceding vehicle are calculated based on a vehicle speed of embodiment of the present invention; and 

the subject vehicle and a distance between the subject FIG. 6 is a flowchart showing a flow of control of a 

vehicle and the preceding vehicle detected by a laser beam 3Q collisioQ prcveDlin apparatus according to a third embodi- 

radar, and when the distance between two vehicles comes mem of me m ^uxion. 

within a safe inter-vehicle distance calculated based on this 

relative vehicle speed, an alarm is sent out to warn a possible DETAILED DESCRIPTION OF PREFERRED 

collision against the preceding vehicle. EMBODIMENTS 

However, this warning system is still insufficient because 35 Referring now to FIG. 1, numeral 1 denotes a vehicle on 

hazard is judged by observing only the preceding vehicle or which a collision preventing apparatus 2 is mounted in order 

only an obstacle ahead of the subject vehicle without taking to recognize an obstacle, a vehicle existing ahead of the 

other situations ahead of the preceding vehicle into consid- subject vehicle or a next preceding vehicle which exists 

e ration. ahead of that preceding vehicle, to judge an impeding 

Assuming such a situation that the preceding vehicle 40 collision with those vehicles and to raise a warning, 
comes to a sudden stop to avoid a collision with an obstacle, The collision preventing apparatus 2 comprises a stereo- 
it is necessary to raise an alarm with a sufficient time margin. scopic optical system l^forjm aging _pjctures„ of objects 
This requires to establish a very large inter-vehicle distance from two different positions, an image processor 20 fry 
which may allow other vehicles to cut in between the subject calculating three-dimensional distance distributions ^ over an 
vehicle and the preceding vehicle. 45 entire image of a pair of stereoscopic pictures taken by the 

Further, since such a safe driving technique as noticing stereoscopic optical system 10 according to a principle of 

only the behavior of the preceding vehicle is fundamentally triangulation, and a miero-computer 30 for processing dis- 

based on an assumption that the driver of the preceding tance distributions data sent from the image processor 20, 

vehicle always takes a reasonable behavior, it is impossible for recognizing the shape of a road or a plurality of solid 

to expect a further safe driving. so objects, for integratedly judging hazard with respect to a 

SUMMARY OF THE INVENTION plura "! y ° f ° bs , ,acle * ™* "» a P recedin S vehicle, a next 

preceding vehicle and the like and for warning a driver of an 
Accordingly, the present invention is intended to obviate impending collision. Further, the micro-computer 30 is 

the disadvantages of the known arts. connected with sensors for detecting present vehicle running 

It is an object of the present invention to provide a 55 conditions such as a vehicle speed sensor 3 and the like and 

collision preventing apparatus capable of avoiding a colli- also connected with a warning device 4 composed of a 

sion with a preceding vehicle by watching not only an buzzer, a display and the like. 

inter-vehicle distance between the self vehicle and the As shown in FIG. 2, the stereoscopic optical system 10 is 
preceding vehicle but also an inter-vehicle distance between composed of a pair of left and right CCD cameras 10a, 106 _ 

the self vehicle and a third vehicle running ahead of the 60 using a solid-state image component such as a Charge'"" 
preceding vehicle. In order to attain the object, the present Coupled Device (CCD). These CCD cameras 10a, 10f>, as 
invention comprises: shown in FIG. 1, are disposed one for each on the left and 

inter-vehicle distance calculating means for calculating an right sides of the front roof of the vehicle 1 so as to be able 
inter-vehicle distance between the self vehicle and the to take an extensive view of objects ahead of the preceding 

preceding vehicle; 65 vehicle as well as ahead of the self vehicle, 
safe inter-vehicle distance calculating means for calculat- The image processor 20, as shown in FIG. 2, comprises a 
ing a safe-inter vehicle distance between the self distance detecting circuit 20a and a distance image memory 
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20b. Id the distance detecting circuit 20a , a small region 
imaging the same object is searched from two stereoscopic 
pictures taken by the stereoscopic optical system 10, respec- 
tively and the distance to the object is calculated from the 
amount of deviation between these two small regions. In the 5 
distance image memory 20b, distance distributions data 
having a form of the image picture are memorized. 

Further, the micro-computer 30 comprises a micro- 
processor 30a whose function is mainly to detect configu- 
rations of roads, a micro-processor 30b whose function is *c 
mainly to detect solid objects, a micro-processor 30c whose 
function is to judge hazard of an impending collision with 
the preceding vehicle, and a bus line 31 connected in parallel 
with these micro-processors 30a, 306, 30c. 

Further, within the micro-computer 30, the bus line 31 is 15 
connected with an interface circuit 32 which is connected to 
the distance image memory 206, a ROM 33 for storing a 
control program, a RAM 34b for memorizing miscellaneous 
parameters needed for calculations, an input -and-output 
(I/O) interface which is connected to the vehicle speed 20 
sensor 3 and the warning device 4, and an output memory 
36. 

In the micro-processor 30a for detecting configurations of 
roads, first actual lane markers of a road are extracted from 
three-dimensional positional information contained in the 25 
distance image which is stored in the distance image 
memory 20b and then the configuration of the road is 
recognized by modifying a road model stored therein based 
on the actual lane markers. 

Further, in the micro-processor 30b for detecting objects, 30 
objects on a road are detected as follows: 

First, the distance image is divided into a plurality of 
three-dimensional lattices and only solid objects data having 
a possibility of obstructing the running of the subject vehicle 35 
are selected from respective lattices. Then, distances to the 
objects are calculated. If the difference of the detected 
distance to two adjacent objects is smaller than a specified 
value, these two objects are deemed as the same object. On 
the other hand, if the difference of the detected distance to 40 
two adjacent objects is larger than a specified value, these 
two objects are deemed as the different objects, respectively. 
Thus, repeating these processes, an outline of the detected 
object is extracted. 

The formation of the distance image by the image pro- 45 
cessor 20 and the processes of delecting the road configu- 
ration and objects by the micro-processors 30a, 30b are 
described in detail in Japanese Patent Applications Laid- 
open Toku-Kai-Hei 5-265547 and Toku-Kai-Hei 6-177236 
filed by the inventor of the present invention. 50 

Further, in the micro-processor 30c for judging hazard of 
an impending collision with the preceding vehicle, first a 
safe inter-vehicle distance between the subject vehicle and 
the preceding vehicle is calculated, and when the inter- 
vehicle distance becomes smaller than a safe inter-vehicle 55 
distance, an alarm is outputted to the warning device 4. 
Further, according to the present invention, in addition to 
this, in case where a next preceding vehicle exists ahead of 
the preceding vehicle, the safe inter-vehicle distance 
between the subject vehicle and the preceding vehicle is 60 
calculated taking an inter-vehicle distance or a relative 
vehicle speed between the subject vehicle and the next 
preceding vehicle into consideration. In this case, when the 
inter-vehicle distance between the subject vehicle and the 
preceding vehicle becomes smaller than a safe inter-vehicle 65 
distance, the warning device 4 raises an alarm to urge the 
driver to apply brakes (not shown). Thus, the subject vehicle 
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can secure a safe driving, even when the next preceding 
vehicle applies an emergency brake. Further, this function 
can be more effective by interlocking the warning device 
with an automatic brake apparatus (not shown)and the like. 

Next, the collision preventing process of the micro- 
processor 30 will be described according to a flowchart 
shown in FIG. 3. 

Referring to FIG. 3, the subject vehicle 1 runs after the 
preceding vehicle 50 with an inter-vehicle distance LI and 
further a next preceding vehicle 100 runs ahead of the 
subject vehicle with an inter-vehicle distance L2. In this 
example, the next preceding vehicle may be replaced with a 
parked vehicle or may be a pedestrian walking across the 
road. 

At a step SI 01, the data of solid objects extracted from the 
distance image are read and at a step S102 (hereinafter 
referred to as "S number") it is checked whether or not a 
preceding vehicle exists in the running direction of the 
vehicle. If there is no preceding vehicle, the program returns 
to S101 and if a preceding vehicle exists, the program goes 
to SI 03 where the inter-vehicle distance Ll (n) between the 
subject vehicle and the preceding vehicle is calculated. The 
previously calculated inter-vehicle distance is stored as 
Here, the subscript (n) indicates a presently obtained 
value and the subscript (n-1) depicts a previously obtained 
value. 

Next, the program goes to S104 where a vehicle speed V0 
of the subject vehicle 1 is calculated. Then, at S 105 a vehicle 
speed Vl (n) of the preceding vehicle 50 is calculated accord- 
ing to the following equation based on a time -versus change 
of the present inter-vehicle distance Ll (w) with respect to the 
previous inter-vehicle distance hl (n _^ and the present 
vehicle speed V0 (n) of the subject vehicle 1: 

Vl^-CLlt^-Ll^^/Ar+VO^ (J) 

where At is a time interval for measurement and calculation. 

After that, the program goes to S106 where it is checked 
from the data of extracted solid objects whether or not a next 
preceding vehicle exists. If there is no next preceding 
vehicle, the program goes from S106 to S107 where a safe 
inter-vehicle distance LK1 between the subject vehicle and 
the preceding vehicle is calculated 

The safe inier-vehicle distance LK1 is calculated accord- 
ing to the following equation: 

UU--Vl w V(2-a An )+V0 w ^ (2) 

where a kJ1 is a deceleration of the preceding vehicle when 
the preceding vehicle applies a brake, is a deceleration 
of the subject vehicle when the subject vehicle applies a 
brake to avoid collision, Tl is a dead time of the subject 
vehicle and L0 is a space margin between both vehicles after 
both stop. In the equation (2) the paragraph "Vl (w) 2 /(2 a An )" 
is a braking distance of the preceding vehicle when the 
preceding vehicle is braked with a deceleration ct wi at the 
vehicle speed Vl (n) and the paragraph "V0 (M) 2 /(2a w )" is a 
braking distance of the subject vehicle when the subject 
vehicle is braked with a deceleration Oq at the vehicle speed 

e deceleration a wi is a value which has been estab- 
lished beforehand based on the assumption that the prece- 
dent vehicle will apply an emergency brake and the decel- 
eration djKj is a value which has been established in 
consideration of the brake efficiency of the subject vehicle. 
Further, the dead time Tl is determined taking a driver's 
response time into consideration. The space margin LO 
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maybe determined in accordance with the magnitude of 
deceleration, for example, establishing the space margin so 
as to be larger as deceleration becomes large. 

After the safe inter- vehicle LK1 is calculated at S107, the 
program goes to SI 08 where the safe inter- vehicle distance 5 
LK1 is compared with the present inter-vehicle distance 
Ll (n) . If the present inter-vehicle distance Ll (w) is larger than 
the safe inter- vehicle distance LK1, the program returns to 
S101. If the present inter-vehicle distance Ll (n) is smaller 
than or equal to the safe inter-vehicle distance LK1, the 10 
program goes to S113 where a warning signal is outputted to 
the warning device 4 to warn the vehicle driver of an 
imminent collision, and then the program leaves the routine. 

On the other hand, if it is judged at S106 that a next 
preceding vehicle exists, the program skips to S109 where 35 
an inter-vehicle distance L2 {n) between the next preceding 
vehicle and the subject vehicle is calculated. Then, at S110, 
a vehicle speed V2 (n) of the next preceding vehicle 100 is 
calculated according to the following equation based on a 
time-versus change of the present inter- vehicle distance 20 
L2 (w) with respect to the previous inter-vehicle distance 
L2 (n .^ and the present vehicle speed V0 (w) of the subject 



vehicle 1: 



V2 ((0 -(L2 ((ir L2 (ii . l) Va/+V0 w 



(3) 



Then, the program goes to S1U where a safe intervehicle 
distance LK2 between the subject vehicle and the preceding 
vehicle is calculated taking the existence of the next pre- 
ceding vehicle into consideration. That is to say, as shown in 
FIG. 4, assuming such a situation that the driver of the 
preceding vehicle 50 makes an abnormal access to the next 
preceding vehicle 100 and applies an emergency brake or 
swerves the vehicle to avoid a collision, the safe inter- 
vehicle distance LK2 is calculated according to the follow- 
ing equation (4). In calculating the safe inter-vehicle dis- 
tance LK2, the braking distance "Vl (n) 2 /(2-a MJ ) M of the 
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an emergency brake, the subject vehicle can be operated 
keeping a safe inter-vehicle distance between the subject 
vehicle and the preceding vehicle. 

FIG. 5 is a flowchart showing a flow of control of a 
collision preventing apparatus according to a second 
embodiment. The feature of the second embodiment is that 
the safe inter-vehicle distance is calculated by taking a dead 
time due to the delay of hazard recognition of a driver of the 
preceding vehicle into consideration under such a situation 
as being unable to measure an accurate inter-vehicle dis- 
tance between the subject vehicle and the next preceding 
vehicle. 

That is to say, in case where the preceding vehicle is so 
huge that the visual fields of the CCD cameras 10a, 106 are 
blocked, only chance to recognize the next preceding vehicle 
is when these vehicles run on curved roads or when either of 
these gets out of the lane on the left or right side. 

Accordingly, there is a case where it is impossible to 
measure an accurate distance to the next preceding vehicle 
although the next preceding vehicle is recognized ahead. 
Under this situation, the safe inter- vehicle distance L2 in 
case where the next preceding vehicle exists can not be used 
and another safe inter-vehicle distance must be prepared. 

FIG. 5 is a flowchart corrected for this purpose and steps 
S109 to S112 of the first embodiment have been replaced 
with new steps S201 and S202. 

Namely, when the next preceding vehicle is detected at 
SI 06, the program skips to S201 where a safe inter-vehicle 
distance LK3 is calculated according to the following equa- 
tion (5) based on the vehicle speed V0 (n) of the subject 
vehicle and the vehicle speed Vl (w) of the preceding vehicle 
in consideration of the existence of the next preceding 
vehicle: 

uc^vi^^a^vo^o^Hvo^cn^HLO (5) 

In the above equation, T2 is a dead time of the preceding 
vehicle determined taking a delay of a driver's response time 



preceding vehicle 50 is replaced with the braking distance IPi? consideration. Therefore, the paragraph "V0 (fl? (Tl+ 
w V2*/(2-a«r of the next preceding vehicle 100: ^ 15 an invalid runnm & °f the subject vehicle. 

Further, the deceleration a kl2 of the preceding vehicle 
40 may be established to be a value similar to the deceleration 
in case where there is no next preceding vehicle or alterna- 
tively it may be established to be a larger value on the safer 
side. 

After the safe inter- vehicle distance LK3 is calculated at 



LK2--V2 w 2 /(2-a^+V0 < , ) 2 /(2a^+V0 (/() Tl+U)+Cl 

where CI is a body length of the preceding vehicle. 

In this case, the paragraph "V2 (n) 2 /(2-a A2 )" which means 
the braking distance in the equation (4) is established to be 



0 when the object detected ahead of the preceding vehicle is 45 S201, the program goes to S202 where the safe inter-vehicle 



not a running vehicle but a parked vehicle or a pedestrian 
and the deceleration a w of the subject vehicle is established 



distance LK3 is compared with the present inter-vehicle 
distance Ll (n) . If the present inter-vehicle distance Ll (n) is 
larger than the safe inter-vehicle distance LK3, the program 
returns to S101. If the present inter-vehicle distance Ll (n) is 
50 equal to or smaller than the inter-vehicle distance LK3, the 
program goes to SI 13 where a warning signal is outputted to 
the warning device 4 and then the program leaves the 
routine. 

Thus, according to this embodiment, since an adequate 
inter-vehicle distance is taken, an unexpected accident can 
be avoided even when a driver of the preceding vehicle 
having an insufficient inter-vehicle distance to the next 
preceding vehicle applies an emergency brake. 

FIG. 6 is a flowchart showing a flow of control of the 
60 collision preventing apparatus according to a third embodi- 
ment. In this embodiment, the safe inter-vehicle distance is 
established according to the acceleration state of the pre- 
ceding vehicle taking a delay of recognition or a delay of 
judgment of the driver of the subject vehicle into consider- 
where the driver of the preceding vehicle does not take an 65 ation. 

appropriate inter-vehicle distance between his own vehicle In the flowchart of FIG. 6, steps S301 to S305 are the 

and a vehicle running ahead of him and as a result he applies same steps as in the flowchart of FIG. 3. After the present 



such that the paragraph "V0 (n) 2 /(2 a w )+V0 (w) Tl+L0+Cl" 
becomes smaller than the distance L2 (n) from the subject 
vehicle to the object. 

Next, the program goes from Sill to S112 where the 
present inter-vehicle distance L1 (M) is compared with the 
safe inter-vehicle distance LK2 in a case where the next 
preceding vehicle exists. If the present inter-vehicle distance 
Ll (n) is larger than the safe inter-vehicle distance LK2, the 55 
program skips to S107 where the present inter-vehicle 
distance Ll (n) is compared with the safe inter- vehicle dis- 
tance LK1 in a case where the next preceding vehicle does 
not exist. On the other hand, if the present inter-vehicle 
distance Ll (n) is equal to or smaller than the safe inter- 
vehicle distance LK2 in case where the next preceding 
vehicle exists, a warning signal is outputted to the warning 
device 4 at S113 and the program leaves the routine. 
Thus, according to the embodiment, even in such a case 
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vehicle speed Vl^ } of the preceding vehicle is calculated, at 
S306 an acceleration al (/l) of the preceding vehicle is 
calculated in accordance with the following equation (6): 



a^)-(VJ (( .. ir Vl w VA/ 



(6) 5 



Then, the program steps to S307 where it is judged 
whether or not the present acceleration al (/l) of the preced- 
ing vehicle is smaller than a specified value as which is a 
threshold value for foreseeing hazard after the preceding 
vehicle is accelerated. When al (M) S a S, the program goes 
from S307 to S308 where the safe inter-vehicle distance 
LK1 described is calculated according to the equation (2) of 
the first embodiment. That is to say, in this case, the safe 
inter vehicle distance takes the same value as in the case 
where the next preceding vehicle is not detected. 

Further, the program goes to S309 where, as in the same 
manner as the first embodiment, the present inter-vehicle 
distance Ll (n) is compared with the safe inter-ve hide dis- 
tance LK1. If the present inter-vehicle distance Ll (rt) is 
larger than the safe inter-vehicle distance LK1, the program 
returns to the step S301. On the other hand, if the present 
inter-vehicle distance Ll (n) is equal to or smaller than the 
safe inter- vehicle distance LK1, an alarm signal is outputted 
to the warning device 4 and the program leaves the routine. 

When al (rt) >aS at S307, the program is diverted from 
S307 to S310 where a safe inter-vehicle distance LK4 is 
calculated according to the following equation (7). The safe 
inter-ve hide distance LK4 is a distance value which is 
determined assuming a hazard when the preceding vehicle is 
decelerated suddenly after acceleration. 
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LK4~ Vl w */(2-a u ,)+V0 ^ 2 f(2-a ka )*V0 (m) (n^r) + U> 



(7) 



In the equation (7), AT is a dead time taking account of a 
belief of the driver of the subject vehicle. Generally, the 
driver tends to believe it to be safe when the preceding 
vehicle starts to be accelerated, although there is a possibil- 
ity that the preceding vehicle may be braked suddenly to 
avoid a collision with obstacles or to make a rum to the left 
or right. Under these situations, it takes a some amount of 
time until the driver notices hazard and starts to depress the 
brake pedal for avoiding hazard. Accordingly, the paragraph 
" v 0 (rt) (Tl+AT)" is an invalid running distance when taking 
this "driver's belief* into consideration. Further, the para- 
graph "Vl (n) 2 /(2 a^ 13 )" is a braking distance of the preced- 
ing vehicle when a brake is applied with a deceleration a*^ 
at the vehicle speed VI (n) and the paragraph "V0 (M) 2 / 
(2-ctjio)" is a braking distance of the subject vehicle when a 
brake is applied with a deceleration a w at the vehicle speed 

v( w 

The dead time AT may be varied according to the vehicle 
speed V1 (M) of the preceding vehicle, the vehicle speed V0 (n) 
of the subject vehicle, the acceleration of the preceding 
vehicle and the like. Further, the deceleration a M may be 
established to be a large value in place of introducing the 
dead time AT. 

After calculating the safe inter-vehicle distance LK4 at 
S311, the program goes to S311 where it is judged whether 
or not the present inter- vehicle distance Ll (rt) is compared 
with the safe inter-vehicle distance LK4. If the present 
inter-vehicle distance Ll (n) is larger than the safe inter- 
vehicle distance LK4, the program returns to S301 and If the 
present inter-vehicle distance Ll (n) is equal to or smaller 
than the safe inter-vehicle distance LK4, the program goes 
to S3 12 where a warning signal is outputted to the warning 
device 4 and leaves the routine. 
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Since the collision preventing apparatus according to the 
embodiment allows the vehicle to have a safe inter-vehicle 
distance in case for an emergency brake of the preceding 
vehicle, it is effective especially when the subject vehicle 
repeats a stop-and-go or with a short inter-vehicle distance 
to the preceding vehicle. Further the collision preventing 
apparatus is also effective when those vehicles run at low 
speeds with a short inter- vehicle distance, because in situ- 
ations like these accidents tend to occur frequently. 

Further, the embodiments described hereinbefore have 
exemplified the collision preventing apparatus having ste- 
reoscopic cameras for imaging objects ahead of the subject 
vehicle, however as alternative modes of the invention, in 
place of the stereoscopic cameras, a scanning type laser 
beam-radar or the combination of the scanning type laser 
beam-radar and a single-eye camera may be employed to 
recognize objects. 

In summary, according to the present invention, since the 
collision preventing apparatus is constituted such that the 
inter-vehicle distance between the self vehicle and the 
preceding vehicle is calculated is compared with the safe 
inter-vehicle distance calculated in conjunction with situa- 
tions ahead of the preceding vehicle as well as the preceding 
vehicle and based on the result of the comparison it is judged 
whether or not the self vehicle has a possibility of collision 
with the preceding vehicle, not only the vehicle can obtain 
an overall safety with regard to a plurality of objects ahead 
such as the preceding vehicle and the next preceding vehicle, 
but also the vehicle can enjoy a smooth and safe driving 
without disturbing a stream of traffics. 

While the presently preferred embodiments of the present 
invention have been shown and described, it is to be 
understood that these disclosures are for the purpose of 
illustration and that various changes and modifications may 
be made without departing from the scope of the invention 
as set forth in the appended claim. 
What is claimed is: 

1. A collision preventing apparatus of a subject vehicle for 
preventing collision with a preceding vehicle which is 
traveling in front of said subject vehicle, comprising: 
actual inter-vehicle distance detecting means for detecting 
a first actual inter- vehicle distance between said subject 
vehicle and said preceding vehicle and a second actual 
inter-vehicle distance between said subject vehicle and 
an object existing ahead of said preceding vehicle; 
safe inter-ve hide distance calculating means for calculat- 
ing a first safe inter- vehicle distance between said 
subject vehicle and said preceding vehicle and a second 
safe inter-vehicle distance between said subject vehicle 
and said object, in accordance with a braking distance 
and a dead time before braking of said subject vehicle; 
and 

hazard judging means forjudging a hazard of collision of 
said subject vehicle with said preceding vehicle in the 
case that said second actual inter- vehicle distance 
becomes smaller than said second safe inter-vehicle 
distance even when said first actual inter-vehicle dis- 
tance is larger than said safe inter-vehicle distance. 

2. A collision preventing apparatus of a subject vehicle for 
preventing a collision with a preceding vehicle which is 
traveling in front of said subject vehicle, comprising: 

actual inter- vehicle distance detecting means for detecting 
an actual inter-vehicle distance between said subject 
vehicle and said preceding vehicle; 

safe inter- vehicle distance calculating means for alterna- 
tively calculating a first safe inter-vehicle distance and 
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a second safe inler-vehicle distance between said sub- 
ject vehicle and said preceding vehicle, depending on 
whether an object exists ahead of said preceding 
vehicle, said second safe inter-vehicle distance being 
calculated taking account of a dead time before braking 5 
of said preceding vehicle in addition to a braking 
distance and a dead time before braking of said subject 
vehicle which are used to calculate said first safe 
inter-vehicle distance; and 
hazard judging means for judging a hazard of collision of 10 
said subject vehicle with said preceding vehicle in the 
case that said actual inter-vehicle distance becomes 
smaller than alternatively one of said first and second 
safe inter-vehicle distances. 
3. A collision preventing apparatus of a subject vehicle for 35 
preventing a collision with a preceding vehicle which is 
traveling in front of said subject vehicle, comprising: 



,951 

10 

actual inler-vehicle distance detecting means for detecting 
an actual inter-vehicle distance between said subject 
vehicle and said preceding vehicle; 

safe inter-vehicle distance calculating means for alterna- 
tively calculating a first safe inter-vehicle distance and 
a second safe inter-vehicle distance between said sub- 
ject vehicle and said preceding vehicle, depending on 
whether the magnitude of acceleration of said preced- 
ing vehicle exceeds a threshold value, said second safe 
inter-vehicle distance being set longer than said first 
safe inter- vehicle distance; and 

hazard judging means for judging a hazard of collision of 
said subject vehicle with said preceding vehicle in the 
case that said actual inter-vehicle distance becomes 
smaller than alternatively one of said first and second 
safe inter-vehicle distances. 
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(57) ABSTRACT 

A method for operating a pre-crash sensing system for a 
vehicle having an object delecting system and an associated 
data storage. The method includes partitioning the vehicle 
operating environment into a plurality of zones wherein each 
zone represents a different area surrounding the vehicle. In 
response to detecting an object within any one of the zones, 
the method activates the zone, and modifies an state of the 
object detection system and the contents of, the data storage 
as a function, the active zone. In one embodiment, three 
zones are disclosed wherein each zone represents a sphe- 
roidal area surrounding the vehicle. When the furthest zone 
is active, all data within the data storage is given approxi- 
mately equal processing priority. When the middle zone is 
active, the content of the data storage is modified to priori- 
tize data regarding the detected object for processing. 
Finally, when the nearest zone is active, the content of the 
data storage is further modified to provide highest priority to 
data regarding the detected object. 

20 Claims, 5 Drawing Sheets 
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METHOD AND APPARATUS FOR approximately equal processing priority. When the middle 

PRE-CRASH THREAT ASSESSMENT USING zone is active, the content of the data storage is modified to 

SPHEROIDAL PARTITIONING prioritize data regarding the detected object for processing. 

Finally, when the nearest zone is active, the content of the 

BACKGROUND OF INVENTION 5 data storage is further modified to provide highest priority to 

„, ... . data regarding the detected object. 

The present invention relates to pre -crash sensing systems ^ . <• ■ • • • . . t .,. 

for automotive vehicles, and more particularly, to pre<rash 0ne .^vantage of the invention is that the spheroidal 

sensing systems having spheroidal partitioning for real-time Phoning of the vehicle environment allows for prioritizing 

safety threat assessment. data P rocessin g and communication. This reduces the 

,1" amount of unnecessary information exchanged and therefore 

Auto manufacturers are investigating radar, hdar, and communication is expedited aUowing more time for the 

viswn-ba^dpre-crash sensing systems to improve occupant vehide of Qr countermeasure device to react t0 a 

safety. Current vehicles typically employ accelerometers detected obiect 

that measure forces acting on the vehicle body. In response _ , , , 

to accelerometers, airbags or other safety devices are 1S u Other aspects and features of the present mvention will 

„ , , A1 ^, , . .) - ( - 0 . /^nc\ ] • 13 become apparent when viewed in light of the detailed 

employed. Also, Global Position Systems (GPS) are used in , . . rr r t r , , .. 
„»u;,.iL. n ~ «„w ~c „. description of the preferred embodiment when taken in 

vehicles as part ot navigation systems. . r . f , . , t , , 

conjunction with the attached drawings and appended 

In certain crash situations, it would be desirable to provide claims 
information to the vehicle operator before forces actually act 

upon the vehicle. As mentioned above, known systems 20 BRIEF DESCRIPTION OF DRAWINGS 

employ combinations of radar, lidar and vision systems to for a more complete understanding of this invention, 

detect the presence of an object in front of the vehicle a reference should now be made to the embodiments illus- 

predetermined time before an actual crash occurs. Such tratec i i n grea ter detail in the accompanying drawings and 

systems have expense constraints and can be prone to false described below by way of examples of the invention, 

positives. 25 FIG. 1 is a block diagrammatic view of a pre -crash 

Other systems broadcast their positions to other vehicles sensing system according to one embodiment of the present 

where the positions are displayed to the vehicle operator. invention. 

The drawback to this type of system is that the driver is fig. 2 is a block diagrammatic view of one embodiment 

merely warned of the presence of a nearby vehicle without 0 f tne invention illustrating a vehicle network established by 

more. In a crowded traffic situation, it may be difficult for a 30 t wo pre-crash sensing systems. 

vehicle operator to react to a crowded display. FIG. 3 is a perspective view of an automotive vehicle 

Information processing and bandwidth for communica- instrument panel display for use with the present invention, 

tions can also limit safety applications. As more sensing FIG. 4 is a front view of a vehicle network display 

devices are implemented, the signals generated must be according to an embodiment the present invention, 

processed, actions determined, and control signals commu- FIG. 5 is a schematic diagram of a spheroidal partition of 

mcated to safety modules having their own reaction latency. a vehide environrnent according to an embodiment of the 

For example, airbag depLoyment,,s.e,atbelt pretensiomng, p rr ^ fnM ' T1 „ fin!inn 

JgfijtaBfflp^ FIG. 6 is a block diagram of a spheroidal threat assess- 

™™}J£!L^ ment system according to the present invention, 

"anintelligent methodology whiencan learn and make effi- _ . * . . <• . 

. _-~-~~>-*x-««" . ^.^^r-^^^----^ — — * FIG. 7 is a logic now diagram of the operation of the 

■cient use or processing cycles, avauable data_and commu- . . , . r , 

• *u r ul • - ur c "~ u '***■" i iL ' spheroidal threat assessment system of FIG. 6. 

nication banqwidtlns desirable for a robust in- ve hide threat r J 

assessment. " " 1 '~~ x ''"" "' ^ — — . ~* DETAILED DESCRIPTION 

It would be desirable to provide a system that takes into 45 In the following figures, the same reference numerals will 

consideration the position of other vehicles and provides be used to identify the same components in the various 

adequate warning to the vehicle operator and, should the views. 

situation warrant, provides crash mitigation. Referring now to FIG. 1, a pre-crash sensing system 10 

~w T . „ , _ _ T for an automotive vehicle 11 has a controller 12. Controller 

SUMMARY OF INVENTION ^ n j, preferably.jum^p^ is 

The present invention provides an improved pre-crash coupled to a memory 14. Controller 12 has a corresponding 

sensing-system using spheroidal partitioning of the vehicle CPU that is programmed to perform'vanous tasks, as well as 

environment to warn the vehicle operator and respond to inputs/outputs and a communications bus. Memory 14 is 

detected objects. illustrated as a separate component from that of controller 

In one aspect of the invention, a method for operating a 55 12 However, those skilled in the art will recognize that 

pre-crash sensing system for a vehicle having an object memory may be incorporated into controller 12. 

detecting system and an associated data storage is provided. Memory 14 may comprise various types of memory 

The method includes partitioning the vehicle-operating including read only memory, random access memory, elec- 

environment into a plurality of zones wherein each zone trically erasable programmable read only memory, and keep 

represents a different area surrounding the vehicle. In 60 alive memory. Memory 14 is used to store various thresholds 

response to detecting an object within any one of the zones, and parameters including vehicle data 16 as illustrated, 

the method activates the zone, and modifies an operating Controller 12 is coupled to a global positioning system 

state of the object detection system and the contents of the (GPS) 18 that receives position data triangulated from 

data storage as a function the active zone. In one satellites as is known to those skilled in the art. 

embodiment, three zones are disclosed wherein each zone 65 Controller 12 is coupled to a sensor data block 20 that 

represents a spheroidal area the vehicle. When the furthest represents various sensors located throughout the vehicle, 

zone is active, all data within the data storage is given The various sensors will be further described below. 
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Controller 12 may also be coupled to a receiver 22 timing signal is used to synchronize the communication 
'coupled to a receiving antenna 24 and a transmitter 26 between the various vehicles of the system, 
coupled to a transmitting antenna 28. Transmitter 26 and Sensor data 20 may be coupled to various sensors used in 
receiver 22 may be part of a transponder 27. Transponder 27 various systems within vehicle 11. Sensor data 20 may 
can^be located at the front of the vehicle 11. Preferably, 5 include a speed sensor 56 that determines the speed of the 
vehicle has a transponder located on each of the four sides vehicle. Speed sensor mayjbrj^ample^ 
of the vehicle. That is, a rear transponder is located at the used inan anjjs locif pTa^slSteSu Such sensors are typically 
rear of the^yehicle, a transponder is located on the left side «compnsedof Ttoothed wheel from which the speed of each 
of the vehideyind, a transponder is located on the right side wheel can be determined. The speed of each wheel is then 
of the vehicle^A ra da^sensor 29 is located within each 10 averaged to determine the vehicle speed. Of course, those 
transponder. When a raSar signal having a certain amplitude skilled in the art will recognize that the vehicle acceleration 
is detected, transmitter 26 generates a response that includes can be determined directly from the change in speed of the 
its location relative to the vehicle. Other data such as sensor vehicle. A road surface detector^lTmay arson^^liselJ^s p^T"^ 
data, position data, and other data may also be communi- tff^ensor data 20 . Road surface de tec tor 58 may be a 
cated. An example of a radar signal is a cruise control signal i^^ Qlimeter radarujal js used to measurTSe road condition, 
from an active cruise control system. Road surface detector 58 may also be a detector that uses 
Controller 12 is also coupled to a display 30 that may information from an a an tj- lock^ brake system or control 
include various types of displays including a vehicle net- system. For example, slight accelerations of the wheel due 
work display, a warning display 34, and a counter-measure to slippage may be used to determine the road condition. For 
display 36. An example of a network display will be 20 example, road conditions such as black ice, snow, slippery 
described in further detail below. As should be noted, display or wet surfaces may be determined. By averaging microac- 
30 may be a single display with different display features or celerations of each tire combined with information such as 
may be individual displays that may include audible warn- exterior temperature through temperature sensor 60, slip- 
ings as well. page can be determined and therefore the road conditions 
Controller 12 has various functional blocks illustrated 25 ma y be inferred therefrom. Such information may be dis- 
within CPU 13. Although these functional blocks may be P la y ed t0 the driver of the vehicle. The surface conditions 
represented in software, they may also be implemented in ma y also be transmitted to other vehicles, 
hardware. As will be further described below, controller 12 Vehicle data 16 has a block 52 coupled thereto represent - 
has a proximity detector 42 that is used to determine the ing the information stored therein. Examples of vehicle data 
proximity of the various vehicles around automotive vehicle 30 include the type, weight, tire information, tire size and tread. 
11. A vehicle trajectory block 44 is used to determine the Of course, other information may be stored therein, 
trajectory of the vehicle and surrounding vehicles. Based Sensor data 20 may also include a tire temperature sensor 
upon the vehicle trajectory block 44, a threat assessment is 62 and a tire pressure sensor 64. The road condition and the 
made in functional block 46. Of course, threat assessment 46 braking capability of the vehicle may be determined there- 
takes into consideration various vehicle data 16 and sensor 35 from. 

data from sensor block 20. Threat assessment 46 may be other system sensors 66 may generate sensor data 20 

made based upon the braking capability of the present including steering wheel angle sensor, lateral acceleration 

vehicle and surrounding vehicles in block 48 and also road sensor, longitudinal acceleration sensor, gyroscopic sensors 

conditions of the present vehicle and surrounding vehicles in anc j other types of sensors. 

block 50. As will be further described below, the road 40 Referring now t0 HG . 2 , vehicle 11 may be part of a 

conditions of Mode 50 may be used to determine the braking netW0fk 70 ifl conjunction with a xcood vehicle or various 

capa 1 1 y in D oc numbers of vehicles represented by reference numeral 72. 

In block 16, various vehicle data are stored within the Vehicle 72 preferably is configured in a similar manner to 
memory. Vehicle data represents data that does not change 45 that of vehicle 11 shown in FIG. 1. Vehicle 72 may com- 
rapidly during operation and thus can be fixed into memory. municate directly with vehicle 11 through transmitter 26 and 
Various information may change only infrequently and thus receiver 22 to form a wireless local area network. The 
may also be fixed into memory 14. Vehicle data includes but network 70 may also include a repeater 74 through which 
is not limited to the vehicle type, which may be determined vehicle 11 and vehicle 72 may communicate. Repeater 74 
from the vehicle identification number, the^w^ght^QLthe^ has an antenna 76 coupled to a transmitter 78 and a receiver 
^vehicle andvarious tys^MS^^SSS^ Tii * e infcmoa- 80. Various information can be communicated through net- 
TioTTmay^nclucle the "tire and type of tread. Such data may wor k 70. For example, vehicle data, position data, and 
be loaded initially during vehicle build and may then manu- sensor data may all be transmitted to other vehicles through- 
ally be updated by a service technician should information out network 70. 

such as the tire information change. 55 Referrmg now to FIGt 3> an instrumen t panel 82 Js . I 

Global positioning system (GPS) 18 generates a position illustrated having a first display 84 and a second display 86. J 

signal for the vehicle 11. Global positioning system 18 Either displays 84, 86 may be used generate various infor- / 

updates its position at a predetermined interval. Typical mation related to t he pre-crash m seiism^ s.¥Slejn ; - ' 

interval update periods may, for example, be one second. Referring nowToPIG. 4, display 84isiU^trated in further 

Although this interval may seem long compared to a crash 60 detail. Display 84 can be configured to correspond to the 

event, the vehicle position may be determined based upon vehicle network display warning display and countermea- 

the last update from the GPS and velocity and acceleration sure display mentione^above. The vehicle network display 

information within the vehicle. 32 may include a mag^a first vehicle indicator.^ and a 

Global positioning system 18 has a clock that is common second vehicle indicator 92. First vehicle indicator corre- 

to all GPS. Clock 19 provides a timing signal. Each of the 65 sponds to the driven velncle having the present pre -crash 

GPS for different vehicles uses the same clock and timing sensing system, while vehicle indicator 92 corresponds to an 

signal. As will be described below, the common clock for approaching vehicle. Vehicle network display 32 may be 
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displayed when a vehicle is near but beyond a certain which threat assessments and, if necessary, countermeasure 

distance or threat level. The vehicles on the display may be deployment must occur. Accordingly, data communicated on 

those within the field of view or those broadcasting signals the vehicle network is prioritized such that the most impor- 

as wilLbe described below. tant data is processed first whereas other types of data are 

f'Warning indicators and distance indicators can also be 5 given less priority such as navigational data, entertainment 

displayed to provide the vehicle operator with an indication data, or other types of convenience items 

of the distaDce.from.a.det ected vehicle or ob ject. The display Inside the red zone 200, the network is focused only on 

ffiSylndkate a warning when the vehicle rwithin a prcde- communication between vehicles in very local prox.mity 

tended distance or when an urgent threat level exists. represenung an impendmg threat. Thus, there occurs a 

-* f fT^^-:a'r c — , n , m further data priority as compared to the yellow zone 202. 

Display 84 can also be configured to a counter-measure Red ^ represent) for examplej the reg i 0 n within 10 

display to indicate to the vehicle operator that a counter- m surrounding thc vehicle n Threat assessment data is 

measure is being activated because the threat level is high or fiUered and processed based upon identification of the 

the distance, from the : vehicle is within a predetermined threateni vehicle . If the pote ntially threatening vehicle 

distance less than the distances needed for activation of the 206 is communicating wirelessly with the vehicle 11, the 

veh^etworkdis^ warning display. resuUing data {s processed at the fastest rate and given 

i — -^Display 84 is a screen-based display such as an LCD, highest priority. If, however, adjacent vehicle 206 is not 

LED, or CRT display, or may be implanted as a heads-up wirelessly equipped to communicate with vehicle 11, the 

display (HUD) overlaying the forward vision of the vehicle or group of vehicle 11 which can uniquely 

operator to through the windshield. Other known display ^ identify vehicle 206 is used and given priority. The type and 

mechanisms as also contemplated by the present mvention. location data of vehicle 206 is given highest priority in the 

Referring now to FIG. 5 there is shown a schematic threat assessment controller of vehicle 11 and monitored 

diagram of a spheroidal partition of a vehicle environment continually until an event changes the priority selection for 

according to an embodiment of the present invention. Dis- the detected vehicle 206. 

play 84 or display 86 can be configured to depict a "birds- 2$ The spheroidal partitioning of the vehicle environment for 
eye" field of view or overhead field of view for vehicle 11 vehicle 11 may be configured such that actions may be taken 
to communicate information regarding a surrounding envi- as corresponding zones of an adjacent vehicle interfere with 
ronment to the vehicle operator. The environment surround- or are detected within the green, yellow, and red zones 204, 
ing the vehicle 11 is divided into three threat assessment 202, 200 of vehicle 11. Thus, when the red zone 208 of 
zones identified as red zone 200 (T*), yellow zone 202 (T r ), 3Q vehicle 206 impinges upon the red zone 200 of vehicle 11, 
and green zone 204 (T G ). Each of the zones 200, 202, and actions may be taken. Alternatively, vehicle 206 could be 
204 are concentric with thc vehicle 11. Similar concentric considered to be only within the yellow zone 202 of vehicle 
zones exist for vehicles similarly equipped with a pre-crash u. Likewise, forward vehicle 210 could be considered to be 
threat assessment system. Preferably, the zones are spheroi- i n the yellow zone 202 of vehicle 11, or entirely outside the 
dal and three-dimensional to help determine whether 35 gree n zone 204 of vehicle 11 depending upon the configu- 
vehicles which appear to be on the same plane are about to rat i on 0 f the areas represented by the respective zones, 
collide, such as at an intersection; or whether the vehicles In summary, the green zone is characterized by a virtual 
are traveling in different planes, such as when one of the floating nctwork between all adjacent vehicles and repre- 
vehicles is on an overpass and does not pose a collision a relatively low risk of impact with a detected object 
threat with any otherwise adjacent vehicle. The three dimen- 4Q due to the long temporal scales involved such as greater than 
sional information is obtained from the GPS sensing system. 5 ^^ds. To the extent that any modification is desired of 
Each of the green, yellow, and red zones describes the the vehicle trajectory, it can be accomplished by braking or 
temporal relationships surrounding the vehicle 11 and is rerouting suggestions as the vehicles are only weakly inter- 
based on multi-varied information such as vehicle speed, acting with each other. The yellow zone represents a more 
headway distance between other vehicles, geographic 45 moderate impact risk wherein reactions are occurring on a 
information, and driver characteristics, for example. scale of between approximately 1 second and 5 seconds. In 
The green zone 204 represents a low risk zone with long the yellow zone, the virtual floating network is more prop- 
temporal scales. For example, the green zone may represent erly characterized as a peer-to-peer network between the 
the region between approximately 30 m and 50 m from the vehicle 11 and the detected vehicle or object of interest 
vehicle of interest. In this region, adjacent vehicles are 50 within the yellow zone. In such cases, the vehicle 11 can be 
interacting weakly by way of a virtual floating network said to be moderately interacting with the detected vehicle or 
(FIG. 2) through transponders located on thc vehicles. In the object. In order to avoid impending collision, hard 
green zone 204, information is shared between nearby maneuvering, for example, may be required. In the red zone, 
vehicles enabling traffic monitoring and rerouting, for the threat assessment is characterized as high risk due to the 
example, as is necessary or desirable. The green zone 204 is 55 short time to impact of approximately less than 1 second. In 
considered a very low threat zone. such cases, smart transponders on the vehicle 11 are given 
The yellow zone 202 represents a moderate risk with highest priority for continuous threat assessment and miti- 
temporal scales on the order of approximately one to five gation in the form of, for example, active countermeasures. 
seconds. The yellow zone may represent, for example, a In such cases, the vehicle 11 can be said to be strongly 
region between 10 m and 30 m from the vehicle 11. The 60 interactive with a detected object or vehicle, 
threat assessment data is fundamentally different in this Referring now to FIG. 6 there is shown a block diagram 
region as compared to the green zone 204. Thus, the update of a spheroidal threat assessment system according to an 
and/or refresh rates for the sensors communicating threat embodiment of the present invention. The control scheme is 
assessment data as well as the communication of the respec- governed by the processing control unit (PCU) 300 such as 
tive data occur on faster time scales than in the green zone. 65 the controller 12 of FIG. 1. The PCU is in operative 
For adjacent vehicles, a time-to-collision value between communication with a data repository 302, the content of 
vehicles in close proximity acts as a time boundary within which is a function of the surveillance zone (green, yellow 
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or red) active at a given moment in time. The data repository surveillance, information regarding the second vehicle or 

302 thus can contain information from the in -vehicle data object is received from the second vehicle or obtained 

warehouse 304, wireless data from other vehicles 306 as through sensor detection on the operator's vehicle. The 

well as navigational data 308 from the GPS or wireless second vehicle information may be various information such 

network. The in-vehicle data warehouse 304 contains the 5 as me speed, heading, vehicle type, position, and road 

vehicle data 16 and sensor data 20 (FIG. 1). The wireless conditions from the other vehicle or vehicles in the network, 

data from other vehicles 306 potentially represents the most In step m the proximity of the firsl vehicle with resp ect to 

critical data source for impact assessment and mitigation lhe second vehide is determined ^ pr0 ximity may be 

since it is enabled by vehicle-to-vehicle communication. mcfd a dis(ance calculation In sl 410> lhc firsl vehicle 

Transponder ^formation from transponder 27 can be used to 1Q ^ tQ ^ second k determined nc 

further enhance the information warehouse 304. By aggre- fifSt yehicle tfaj uses the informatjon such ^ the 

gating the information and companng differences between h]Q ns and vafious {Q dkt a h of ed 

in-vehicle data and shared data the PCU 300 can determine ^ for ^ ^ and ^ vehide , n 

uniquely the surrounding ve hides, sensing technologies, 412 a threat assessment of tne first vemde trajec tory 

location, and threat potential of detected objects. J5 nMyc {Q me {s determined ^ 

Depending upon whether the red zone 200, yellow zone threat assessme nt can be categorized based upon the severity 
202, or green zone 204 is active, different actions are taken of or the immediately of the perceived threat of impact. The 
as mentioned above. Thus, the green actions 312 include threal is preferably scaled t0 provide various types of 
continued information sharing through network telematics warn i n g to the vehicle operator as well as the countermea- 
314 to allow for traffic monitoring and rerouting, for 20 sure system and threat assessment system, 
example. Yellow actions 316 include prioritizing data within _ , , 
the data repository 302 based upon the time-to collision of . nt ment ma y be based u P on 
the detected object or vehicle. Data prioritization may [ions of the vehicle trajectory and vehicle type 
include increasing the update and/or refresh rates for the based T", l ' rc infor ™ Uon wblc u h m W P rov u lde indication as 
sensors as well as the speed at which communicated data „ to tht \ bn J ,n 8 ^pabihty °f the Hist vehicle and/or the 
occurs. Data prioritization may also include processing more 25 second vehicle. Hius, the threat may be adjusted accord- 
important data first and moving other data to background Mso > the road su ' faa ; condlUon ™ v ^ factored into 
processing such as navigational data or entertainment related < he ^reat assessment On clear, dry roads, a threat may not 
data, A peer-to-peer network may also be established bc «f. eminent as if the vehicle is operating under the same 
between the vehicle and the detected vehicle such that 30 conditions on a wet or snowy road, 
mitigating action may be taken in either the driven vehicle Base d upon the assessed threat, the appropriate survey- 
or the detected vehicle or both. A yellow action 316 may also lance zone is determined in step 414. Thus, based primarily 
result in a warning 318 being displayed within the vehicle. u POn the proximity of the second vehicle, the zone 416, 

Red actions 320 include further prioritization of the data y ellow zone 418 or red zone 420 wiU become active. In 

repository 302 to filter and process specific data based upon 35 addition or alternatively, based upon the vehicle operator's 

the identification of the detected object or vehicle. Thus, actions what would otherwise be a green zone activation 

vehicle trajectory data and type and location data is given the ma y be indicated as a yellow zone activation or a red zone 

highest priority within the PCU 300 and the sensor or sensor surveillance. As described with reference to FIG. 6, depend- 

set uniquely associated with providing such information is in S U P 0D the surveillance zone active at a given point in 

given the highest priority as well. If an impact with a 40 time > the tv P e of data and Parity of data in the data 

detected object or vehicle is eminent, red actions 320 may repository 302 is modified. As well, the operator display 

include active or passive countermeasures 322. mav be modified to indicate the threat assessment and/or 

The green and yellow actions 312, 316 may also transition aclive ™ nc of surveillance. In addition, actions associated 

to a higher priority (red zone surveillance) based upon Wlth the surveillance zone are implemented which, for 

actions of the vehicle operator in addition to events on the 45 exam P le ' 1Dcludes a warain & for a velIow zone a ctivation, 

road or with respect to detected objects. For example, and acllve or P assive countermeasures for a red zone acti- 

referring again to FIG. 5, vehicle 206 in the process of vatl0D as shown in sle P 422 * 

merging into the lane of vehicle 11 would interact strongly As would be evident to those skilled in the art, various 

with vehicle 11 and depending upon the trajectory of vehicle permutations and modifications to the above method and 

206 and rate of change of trajectory, a green zone interaction 50 system may be performed. For example, information regard - 

may change to a yellow zone or a green zone interaction may ing a detected vehicle may be obtained from an autonomous 

change directly to a red zone. Similarly, if vehicle 210 was sensing on the operator's vehicle, wireless transponding 

in the green zone of surveillance and the operator of vehicle fr° m surrounding vehicles, or the vehicle's operating envi- 

11 was, for example, to start talking on the telephone, the ronment itself such as in the case of an intelligent intersec- 

green zone surveillance may change to a yellow zone due to 55 l i°n having capability to detect and monitor vehicles within 

the diversion of the driver's attention from the road. In this its fie Id -of- view and transmit information regarding such 

way, a heightened sense of awareness between vehicle 210 vehicles to vehicles in the area having the capability to 

and vehicle 11 can augment the vehicle operator's ability to receive such information. 

focus at the task of driving the vehicle 11. From the foregoing, it will be seen that there has been 

Referring now to FIG. 7, a logic flow diagram of the 60 brought to the art a new and improved method and apparatus 

operation of the spheroidal threat assessment system of FIG. for pre-crash threat assessment using spheroidal partition- 

6 is shown. In step 400, the various sensor data for the ing. While the invention has been described in connection 

system is determined. This includes the sensor data 20 (FIG. with one or more embodiments, it should be understood that 

1). In step 402, all the vehicle data is determined such as in the invention is not limited to those embodiments. On the 

included in vehicle data 16 (FIG. 1). In step 404, the first 65 contrary, the invention covers all alternatives, modifications, 

GPS signal is obtained for the vehicle. In step 406, upon the and equivalents as may be included within the spirit and 

detection of a second vehicle or object within a zone of scope of the appended claims. 
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What is claimed is: 

1. A method for operating a pre -crash sensing system for 
a vehicle having an object detecting system and an associ- 
ated data storage, the method comprising: 

partitioning the vehicle operating environment into a 5 

plurality of zones wherein each zone represents a 

different area surrounding the vehicle; 
in response to detecting an object within any one of said 

zones, activating said zone; and 
modifying an operating state of said object detection 

system and the contents of said data storage as a 

function of said active zone. 

2. A method according to claim 1 comprising modifying 
an operator display as a function of said active zone. 

3. A method according to claim 1 wherein activating said 
zone comprises generating a threat assessment value indica- 
tive of an impact threat associated with said detected object 
and activating said zone as a function of said threat assess- 
ment value. 2Q 

4. A method according to claim 1 wherein partitioning 
comprises partitioning the vehicle operating environment 
into first, second and third zones wherein the first zone 
represents an area immediately surrounding said vehicle, 
said second zone is outside of said first zone, and said third 25 
zone is outside of said second zone. 

5. A method according to claim 4 wherein each of said 
first, second and third zones is spheroidal and concentric 
with respect to the vehicle. 

6. A method according to claim 4 comprising deploying 30 
countermeasures when said first zone is active. 

7. A method according to claim 4 comprising displaying 
a warning on an operator display when said second zone is 
active. 

8. A method according to claim 1 wherein modifying 35 
comprises prioritizing sensor data associated with said 
object detection system as a function of said active zone. 

9. A method according to claim 1 wherein modifying 
comprises establishing a wireless communication channel 
between said vehicle and said detected object for receiving 4Q 
object data from said detected object. 

10. A method for operating a pre-crash sensing system for 
a vehicle having an object detecting system and an associ- 
ated data storage, the method comprising: 

partitioning the vehicle operating environment into first, 45 
second and third zones wherein the first zone represents 
an area immediately surrounding said vehicle, said 
second zone is outside of said first zone, and said third 
zone is outside of said second zone, wherein each of 
said zones is spheroidal and concentric with respect to 50 
the vehicle; 

in response to detecting an object within one of said 
zones, activating said zone; and modifying an operating 
state of said object detection system and the contents of 
said data storage as a function of said active zone. 55 
U. A method according to claim 10 comprising, when 
said third zone is active, providing approximately equal 
priority to data within said data storage wherein said data 
storage contains data from said object detection system, data 
received from at least one detected object, and data received 60 
from a wireless navigational network. 
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12. A method according to claim 10 comprising, when 
said second zone is active, establishing a wireless commu- 
nications channel between said vehicle and said detected 
object, and assigning greater priority to data within said data 
storage regarding said detected object than data received 
from a wireless navigational network. 

13. A method according to claim 10 comprising, when 
said first zone is active, activating counter-measures, and 
assigning highest priority to data within said data storage 
regarding said detected object than any other data within 
said data storage. 

14. A pre-crash sensing system for a vehicle comprising: 
an object detection system including at least one object 

detection sensor and providing sensing data; 
a transponder for receiving object data from a detected 

object across a wireless vehicle network; 
a navigational system for receiving navigational data 

regarding the vehicle operating environment; 
a data storage in operative communication with said 
object detection system, transponder and said naviga- 
tional system for storing said sensing data, object data 
and navigational data; and 
a controller in operative communication with said data 
storage, said controller including logic programmed to: 
partition the vehicle operating environment into a plu- 
rality of zones wherein each zone represents a dif- 
ferent area surrounding the vehicle; and 
in response to detecting an object within any one of said 
zones, activate said zone and prioritize said sensing 
data, object data and navigational data as a function 
of said active zone. 

15. A pre-crash sensing system according to claim 14 
comprising an operator display and wherein said controller 
logic is programmed to modify said display as a function of 
said active zone. 

16. A pre-crash sensing system according to claim 14 
wherein said plurality of zones comprises first, second and 
third zones wherein the first zone represents an area imme- 
diately surrounding said vehicle, said second zone is outside 
of said first zone, and said third zone is outside of said 
second zone. 

17. A pre-crash sensing system according to claim 16 
wherein each of said zones is spheroidal and concentric with 
respect to the vehicle. 

18. A pre-crash sensing system according to claim 16 
wherein said controller logic is programmed to provide 
approximately equal priority to said sensing data, object data 
and navigational data when said third zone is active. 

19. A pre-crash sensing system according to claim 16 
wherein said controller logic is programmed to give higher 
priority to said sensing data and said object data than said 
navigational data when said second zone is active. 

20. A pre-crash sensing system according to claim 16 
wherein said controller logic is programmed to provide 
highest priority to said sensing data when said first zone is 
active. 

* * * * * 
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Claims 1-17 




What is claimed is: 

1 . A pre-crash sensing system coupled to a countermeasure system having at 
least a first countermeasure and a second countermeasure comprising: 

a vision system generating an object size signal and an object distance signal; and 
a controller coupled to said vision system for deploying either said first 
5 countermeasure or said first and second countermeasures in response to said object 
distance signal and said object size signal. 

2. A system as recited in claim 1 wherein said vision system comprise a 
stereo pair of cameras. 

3. A system as recited in claim 1 wherein said object size comprises height. 
10 4. A system as recited in claim 1 wherein said object size comprises object 

area and object height. 

5. A system as recited in claim 1 further comprising a vehicle speed sensor 
generating a speed signal corresponding to the longitudinal speed of the vehicle; 
wherein said controller activates said countermeasure system in response to the 

15 longitudinal speed signal. 

6. A system as recited in claim 1 further comprising a decision zone; wherein 
said vision sensor detects an object and generates an object distance signal from an 
object within said decision zone. 

7. A method for operating a pre-crash sensing system for an automotive 
20 vehicle having a countermeasure system, said method comprising: 

establishing a decision zone relative to the vehicle; 
detecting an object within the decision zone using a vision system; 
determining an object distance and relative velocity using a vision system; 
determining an object size; and 
25 activating the countermeasure system in response to the object size and relative 

velocity. 

8. A method as recited in claim 7 wherein determining object size comprises 
determining an object height; wherein activating the countermeasure system in 
response to the object size comprises activating the countermeasure system in response 

30 to the object height. 



U.SS.N. 69/ 683,782 w 17 201-0634 g'GT 1536 PA) 



9. A method as recited in claim 7 wherein determining an object size 
comprises determining an object cross-sectional area; wherein activating the 
countermeasure system in response to the object size comprises activating the 
countermeasure system in response to the object cross-sectional area. 
5 10. A method as recited in claim 7 wherein determining an object size 

comprises determining an object cross-sectional area and object height; wherein 
activating the countermeasure system in response to the object size comprises activating 
the countermeasure system in response to the object cross-sectional and object height. 

11. A method as recited in claim 10 wherein determining an object cross- 
10 sectional area comprises determining the object cross-sectional area with a vision 

system. 

12. A method as recited in claim 7 wherein detecting an object within the 
decision zone comprises detecting the object within the decision zone with a stereo pair 
of cameras. 

15 13. A method as recited in claim 7 wherein prior to the step of activating, 

choosing the first countermeasure or the first countermeasure and the second 
countermeasure in response to said object size. 

14. A method as recited in claim 7 wherein determining an object size 
comprises determining the vehicle orientation; wherein activating the countermeasure 

20 system in response to the object size comprises activating the countermeasure system in 
response to the object size and vehicle orientation. 

15. A method as recited in claim 7 further comprising establishing a decision 
zone in front of the vehicle. 

16. A method as recited in claim 15 further comprising detecting an object 
25 within the decision zone; and activating the countermeasure in response to detecting an 

object within the decision zone. 

17. A method as recited in claim 7 wherein activating the countermeasure 
system comprises activating a first countermeasure comprising pre-arming airbags and 
pretensioning motorized belt pretensioners, or activating the first countermmeasure 

30 and a second countermeasure wherein said second countermeasure comprises adjusting 
the host vehicle suspension height in response to object size and orientation. 
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2005 


80 


Provisional filing fee 



Fee Paid 



SUBTOTAL (1) ($) 



2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE 

Fee from 

Ext ra Claim s below Fee Paid 



Total Claims 
Independent 
Claims 

Multiple Dependent 



□ - 3 "=IZZ]xEZZlC 



Large Entity 


Small Entity 


Fee Fee 


Fee Fee 


Code ($) 


Code ($) 


1202 18 


2202 9 


1201 86 


2201 43 


1203 290 


2203 145 


1204 86 


2204 43 


1205 18 


2205 9 



Fee Description 

Claims in excess of 20 

Independent claims in excess of 3 

Multiple dependent claim, if not paid 

** Reissue independent claims 
over original patent 

** Reissue claims in excess of 20 
and over original patent 



SUBTOTAL (2) 



**or number previou sly paid, if greater; For Reissues, see above 



FEE CALCULATION (continued) 



3. ADDITIONAL FEES 



Large Entity 


Small Entity 




Code 




Fee 
Code 


Fee 
($) 


Fee Description 


1051 


130 


2051 


65 


Surcharge - late filing fee or oath 


1052 


50 


2052 


25 


Surcharge - late provisional filing fee or 
cover sheet 




nn 


1053 


130 


Non-English specification 


1812 


2,520 


1812 2,520 


For filing a request for ex parte reexamination 


1804 


920* 


1804 


920* Requesting publication of SIR prior to 
Examiner action 


1805 


1,840* 


1805 1,840* 


Requesting publication of SIR after 
Examiner action 


1251 


110 


2251 


55 


Extension for reply within first month 


1252 


420 


2252 


210 


Extension for reply within second month 


1253 


950 


2253 


475 


Extension for reply within third month 


1254 


1,480 


2254 


740 


Extension for reply within fourth month 


1255 


2,010 


2255 


1,005 


Extension for reply within fifth month 


1401 


330 


2401 


165 


Notice of Appeal 


1402 


330 


2402 


165 


Filing a brief in support of an appeal 


1403 


290 


2403 


145 


Request for oral hearing 


1451 


1,510 


1451 


1,510 


Petition to institute a public use proceeding 


1452 


110 


2452 


55 


Petition to revive - unavoidable 


1453 


1,330 


2453 


665 


Petition to revive - unintentional 


1501 


1,330 


2501 


665 


Utility issue fee (or reissue) 


1502 


480 


2502 


240 


Design issue fee 


1503 


640 


2503 


320 


Plant issue fee 


1460 


130 


1460 


130 


Petitions to the Commissioner 


1807 


50 


1807 


50 


Processing fee under 37 CFR 1.1 7(q) 


1806 


180 


1806 


180 


Submission of Information Disclosure Stmt 


8021 


40 


8021 


40 


Recording each patent assignment per 
property (times number of properties) 


1809 


770 


2809 


385 


Filing a submission after final rejection 
(37 CFR 1.129(a)) 


1810 


770 


2810 


385 


For each additional invention to be 
examined (37 CFR 1.129(b)) 


1801 


770 


2801 


385 


Request for Continued Examination (RCE) 


1802 


900 


1802 


900 


Request for expedited examination 
of a design application 



Fee Paid 



330.00 



Other fee (specify) 

•Reduced by Basic Filing Fee Paid 



SUBTOTAL 



(3) |($) 



330.00 



SUBMITTED BY 



Name (Print/Type) 



Signature 



Jeffrey J. Chagp 



I Registration No. I r n ,-70 
(Attomev/Aaent) | OU '°' a 



(Complete (if applicable)) 



Telephone 248-223-9500 



Date 



November 18, 2003 



*i formation dn this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PTO-2038. 

This collection of information is required by 37 CFR 1.17 and 1.27. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



